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AfETHODS OF USING PYRIMIDINE-BASED ANTIVIRAL AGENTS 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application claims the braefit of U.S. Application Serial No. 60/269,778, 
5 filed 02/1 6/01 and is related to U.S. Application Serial No. 09/757,291, filed January 8, 
2001, which claims the benefit of U.S. Application Serial No. 60/176,000, filed January 
12, 2000; and is related to U.S. Application Serial No. 09^49,641, filed February 12, 
1999, which is a continuation-in-part of U.S. Application Serial No. 60/075,005, filed 
Februaiy 17, 1998, the disclosures of which are incorporated by reference herein. 

10 

FIELD OF THE INVENTION 
The field of the invention relates to methods of using substituted pyrimidine 
compounds to treat and suppress diseases associated with human cytomegalovirus 
infectiorL The subject methods are particularly usefiil in treating and suppressing 
15 cardiovascular disease and organ transplant rejection associated with human 
cytomegalovirus infection. 



BACKGROUND OF THE INVENTION 
Cytomegalovirus (CMV) is a member of the herpes vims family. Other weU- 

20 known members of the herpes virus family include, for example, herpes simplex virus, 
types I and U, Epstein-Barr virus and varicella zoster virus. Hiese viruses are related 
taxonomically, but each manifests in a clinically distinct manner. In the case of CMV, 
medical conditions arising &om congenital infection include jaundice, respiratory distress 
and convulsive seizures which may result in mental retardation, neurologic disabiUty or 

25 death. Infection in adults is firequently asymptomatic, but may manifest as 

mononucleosis, hepatitis, pneumonitis or retinitis, particularly in immunocompromised 
patients such as AIDS sufierers, chemotherapy patients, and organ transplant patients 
imdergoing tissue rejection therapy. 

A variety of drugs have been developed to treat herpes virus infections, 

30 including naturally occurring proteins and synthetic nucleoside analogs. For example, the . 
natural antiviral protein interferon has been used in fhe treatment of herpes viriis 
infections, as have the nucleoside analogs cytosine-arabinoside, adenine-arabinoside, 
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iodoxyuridine and acyclovir, which is presently the treatment of choice for herpes 
sunplex type II infection. 

Unfortunately, drugs such as acyclovir that have proven sufficiently effective 
to treat infection by certain herpes viruses are not sufficiently effective to treat CMV. 

5 Additionally, drugs currently used to treat CMV infection, such as 9-((l,3-dihydroxy-2- 
propoxy)methyl)guanidine (ganciclovir, DHPG), which inhibits viral DNA synthesis, 
phosphonofonnic acid (foscamet), cidofovir and the antisense agent fomivirsen, lack the 
acceptable side effect and safety profiles of the drugs approved for treatm^t of other 
herpes viruses. Moreover, such drugs are ineffective to treat certain strains of CMV that 

10 have acquired drug resistance. Thus, despite advances in the development of anti-herpes 
virus drugs, there remains a need for therapeutic agents effective in treating CMV 
infection with an mcreased safety margin. 



SUMMARY OF THE INVENTION 
1 5 The present invention provides methods of using substituted pyrimidine 

compounds and compositions for treating or preventmg diseases, particularly diseases 
associated with CMV infection. In particular, the present invention provides methods for 
treating or preventing cardiovascular disease, including, but not limited to, atherosclerosis 
and restenosis, and organ transplant rejection associated with CMV infection. 
20 U.S. Application Serial No. 09/249,641 and PCT Publication No. 

W099/41253 describe pyrimidine derivatives for the treatment of viral infections, and 
US. Application Serial No. 60/176,000 describes certain salts of pyrimidine derivatives 
which have properties suitable for clinical use for the treatment of viral infections. The 
present invention contemplates the use of these and other pyrimidine derivatives in the 
25 described methods. 

The compounds of the invention have the general formula (I): 




I 

in which X represents -NR^R\ -OR\ -SR\ aryl, alkyl or arylalkyl. The letter Y represents 
30 a covalent bond, -N(R*)-, -0-, -S-, -C(=0)- or an alkylene group. R' and R' are 



2 
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independently selected from hydrogen, alkyl, -0-alkyl, -S-alkyl, aiyl, aiylalkyl, -O-aiyl, • 



S-aryl, -NOj, ^mCR\ -C(0)R^ -CO^R'', -CCONR'R' W)C(0)R', -N(R^COjR", 
.N(R*)C(0)hW, ^SCOX^NR'R', -S(0)X -CN, halogen, and .N(R')S(0) Jl". The 
groups R' and R^ are independently selected from hydrogen, alkyl, aryl or aiylalkyl, or. 



5 when X is -NRV, R' and R* are combined to form a 5-, 6- or 7-membered aromatic or 
nonaromatic ring containing from one to three heteroatoms in the ring. R^ and R^ are 
independently hydrogen, alkyl, aiyl or aiylalkyl. R^ and R' are each independently 
hydrogen, alkyl, aiyl or aiylalkyl, or, whoi attadied to the same nitrogen atom can be 
combined with the nitrogen atom to form a 4-, 5-, 6- , 7- or 8*membered ring containing 
1 0 from one to three heteroatoms in the ring. R' and R^° are independently selected from 
hydrogen, alkyl, ajyl and arylalkyl. R" is selected from alkyl, aryl and aiylalkyl. The 
subscript m is an integer of from 1 to 2 and the subscript n is an integer of from 1 to 3. 

In addition to the above descriptions of R' to R", the formula above is meant 
to represent a number of compounds in which a second ring is frised to the pyrimidine- 
1 5 ring. For example, R' can be joined to R^, R* can be joined to R^ R^ can be joined to 
N'(the nitrogen atom at the 3-position of the pyrimidine ring), R* can be joined to N^ R^ 
can be joined to N*(the nitrogen atom at the 1-position of the pyrimidine ring) or R^ can 
be joined to N* to form a fused 5-, 6-, or 7-membered ring. 

Unless otherwise indicated, the compounds provided in the above formula are 
20 meant to include pharmaceutically acceptable salts and prodrugs thereof. 

Other objects, features and advantages of the presait invention will become 
apparent to those skilled in the art from the following description and claims. 



Figures 7-16 provide synthesis schemes fr>r exemplary compounds of 
formulae Ua-IIf and also selected transformations for frmctional groups present on the 
compounds. 



BRIEF DESCRIPTION OF THE DRAWINGS 



25 



30 



Figure 1 provides the structures of exemplary compoimds of formula Ha. 
Figure 2 provides the structures of exemplary compounds of formula lib. 
Figure 3 provides the structures of exemplary compounds of formula He 
Figure 4 provides the stmctures of exemplary compounds of formula Ild. 
Figure 5 provides the stmctures of exemplaiy compounds of formula He. 
Figure 6 provides the structures of exemplary compounds of foimula nf. 
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Figure 17 provides the structures of compounds used in radiolabeling studies. 
Figure 1 8 shows the binding of radiolabeled compounds to viral specific 
protein. Tritiated compounds bind covalently to a 1 10-kD viral specific protein that 



10 



15 



20 



25 



appears at 48 h post infection. Phosphoimager generated images of radiolabeled infected 
cell proteins separated by SDS polyacrylamide gel electrophoresis are shown. Panel A: 
Time course analysis (24-96 h) of radiolabeled proteins firom HCMV infected or 
uninfected cells in the presence of 0.1 jiM (^-d. Panel B: Pattern of radiolabeling in 
uninfected (UI) cells and in cells infected for 72 h with HCMV (I) and treated with either 
0.01 \xM CH)-d or 0.02 nM CH>17. Protein X, the 1 10-kD viral specific protein, is 
indicated by the arrows. Panel C: Pattern ofradiolabcling of cytoplasmic and nuclear 
extracts prepared fi-om HFF cells infected for 96 h with wild type HCMV (rHCMVLUQ 
and labeled with either 0.5 nM CH)-d or 0.5 \jM CH)-25 J. Varying amounts (5-50 pL) 
of the CH)-d labeled or M CH)-2S J labeled extracts were analyzed. X and the arrow 
indicate protein X, the 1 1 0-kD viral specific protein. 

Figure 19 shows the reaction of UL70 peptide antibodies with viral specific 
protein. Protein X, the molecular target of CH)-d is a viral specific nuclear protein that is 
immunoprecipitated with antibodies to UL70 and UL105. Panel A: A phosphoimager 
generated image of a Western blot with antiserum generated to a 30-atnino acid peptide 
fi-om the predicted amino acid sequence of the UL70 open reading frame. Extracts fiom 
High Five cells infected with a control baculovirus (control lysate) or baculovirus 
expressing the CMV UL70 protein lacking the first N-tenninal 100 amino acids (ANUL70 
lysate) were subjected to SDS polyaaylamide electrophoresis in 4-20% gradient gels. 
The gel-separated proteins w^e then transferred to nitrocellulose and probed with eitho: 
preimmune serum (Panel 1) or antiserum raised to the UL70 peptide (Panel 2). At a 
1:10,000 dilution of UL70 antiserum (Panel 2), a strong signal at about 85 kD was 
observed only in extracts fi'om cells infected with baculovirus that expresses the truncated 
UL70 protein (Ab, antibody). Panel B: Uninfected cells and cells infected with. 
rHCMVLUC at an MOI of 5 pfii/cell for 72 h were treated with ('H)-d. Extracts fi-om 
theses cells were subjected to SDS polyacrylamide electrophoresis in 4-20% gradient 
gels. The gel-separated protems were then transferred to nitrocellulose, exposed to Fuji 
. tritium detection plates, and analyzed with a phosphoimager. A (^H)-d labeled, 1 10-kD 
protein (protein X), was detected by phosphoimaging and is shown in Panel 2. The same 
filter was then probed with IJL70 antiserum, and the Western blot is shown in Panel 1. 
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UL70 can be detected in infected cells, and the UL70 antibody signal comigrates exactly 
with the CH)-d labeled, 1 10-kD viral specific protein X (Ab. antibody). Panel C: 
Phosphoimager generated image of cytoplasmic and nuclear extracts prepared from HFF 
cells infected with wild type HCMV (rHCMVLUC) and labeled with (^H>d. Vaiying 
S amounts (S-60pL) of the CH)-d labeled extracts were subjected to SDS polyacrylamide 
gel electrophoresis in 10% gels. The gel-separated proteins were transferred too 
nitrocellulose filters and exposed to Fuji plates for the detection of tritium. Panel 1 shows 
a titration of the cytoplasmic extract fi:om 8 x lO" HFF cells; Panel 2 shows a titration of 
the corresponding nuclear extract from the same 8x10' cells. A single nuclear specific 
1 0 ('H)-d labeled protein is detected at 1 10 kD (Panel 2); Panel 3 (TPs) shows 

phosphoimager generated images of the same nuclear extracts shown in Panel 2 
immunoprecipitated with UL70 specific antibodies (70ab)» UL105 specific antibodies 
(105ab) or UL70 preimmune serum (pis). The arrow identifies the protein X (UL70 
primase)at llOkD. 

1 5 Figure 20 shows the amino acid sequence of the Towne strain (HCMV) UL70 

open reading frame showing the three point mutations identified in 1 -resistant virus. The 
positions and nature of &e point mutations contained in the UL70 protein of the 1- 
resistant virus are indicated. The virus contains three single base pair mutations. Valine 
5 1 1 is mutated to isoleucme by a G to A change at the first base of the codon. Proline 

20 571 is mutated to a serine by a C to A change at the first base of the codon. Isoleucinc 
692 is mutated to a phenylalanine by an A to T change at the first base of the codoa The 
boxed regions indicate &e five domains in herpesvirus primases. The asterisk at residue 
570 indicates a cysteine residue that is a potential site of covalent modification by the 
drug. 



Abbreviations and Definitions 

The abbreviations used herein are conventional, unless otherwise defined. 
ITie terms "treat", "treating" and "treatmenf ' ref«r to a method of 
30 alleviating or abrogating a disease and/or its attradant symptoms. 



25 



DETAILED DESCRIPTION OF THE INVENTION 
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The tenns "prevent", "preventing" and "prevention" refer to a method of 
barring a subject from acquiring a disease. As used herein, "prevent", "preventing" and 
"prevention" also include reducing a subject's risk of acquiring a disease. 

The term " disease associated vndi CMV infection" is meant to include any 

5 disease, disorder, dysfunction and the like, in which CMV infection contributes, directly 
or indirectly, to the pathogenesis thereof. For example, CMV infection may produce 
immunologic responses that cause endothelial injury and precipitate atherogMiesis. 
Exemplary diseases associated with CMV infection include, but are not limited to, 
cardiovascular disease, such as atherosclerosis and restenosis, organ transplant associated 

1 0 atherosclerosis and organ transplant rejectioiL 

The term "CMV infection" refers to the faivasion and replication of 
cytomegalowus (CMV) m cells or tissues. CMV infection may be determined by 
measuring CMV antibody titer m samples of a biological fluid, such as blood, using, eg., 
enzyme immunoassay. Other suitable diagnostic methods include molecular based 

15 techniques, such as RT-PCR. direct hybrid capture assay, nucleic acid sequence based 
amplification, and the like. CMV may infect an organ, e.g^ kidney, liver, heart, lung, eye 
and brain, and cause, e.^., nq)hritis, hepatitis, myocarditis, retinitis and encephalitis, 
respectively. 

The term "therapeutically effective amounf ' refers to that amount of the 
20 compound being administered sufficient to prevent development of or alleviate to some 
extent one or more of the symptoms of the disease being treated. 

" Cardiovascular disease" , as used herein, refers disorders of the heart and/oi 
blood vessels and includes, but is not limited to, aneurysm, atherosclerosis, 
cardiomyopathy, congestive heart failure, coronary artery disease, hypotension, 
25 ischemia/reperfusion, restenosis and vascular stenosis. Excess lipid accumulation in the 
arterial walls, which forms plaques that inhibit blood flow and promote clot formation, is 
the primary cause of cardiovascular disease. In vascular grafts and transplanted organs, 
cardiovascular disease is often accelerated. 

" Organ transplant rejection" , as used herein, refers to a process leading to the 
30 destruction or detachment of a transplanted organ, such as a heart, kidney, lung, liver, 
pancreas, bowel, bone marrow and the like, or a combination thereof^ eg., heart-lung, or 
the destruction or damage of certain host organs. Rejection is caused by reaction of the 
host's immune cells to the transplanted organ(s) or bone marrow as foreign, and/or 
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reaction of the donor's immune cells to the recipient as foreign. Rejection may be acute 
or chronic. TTie transplanted organ or bone marrow may be an allograft, i.e., from a 
genetically non-identical member of the same species, or a xoiograft, i.e., from a member 
of different species, e.g., a porcine heart valve. 
S The term '^immunocompromised condition*' refers to any condition in which 

the subject has decreased immune function relative to normal. Immunocompromised 
conditions include acquired conditions and hereditary conditions. 

The tenii "electrophilic moiety*' refers to a chemical group that is electron 
deficient and is reactive with chemical groups having an excess of electrons, as 

10 commonly understood in the art Exemplary electrophilic moieties include, but are not 
limited to, isothiocyanate, maleimide, haloacetamide, vinylsulfone, benzylic halide, 
electron-deficient aromatic rings, such as nitro-substituted pyrimidine rings, and the like. 

The term "modulate** refers to the ability of a compound to increase or 
decrease the catalytic activity of a primase. A modulator preferably activates flie catalytic 

IS activity of a primase, more preferably activates or inhibits the catalytic activity of a 

primase deprading on fht concentration of the compound exposed to the primase, or most 
preferably inhibits the catalytic activity of a primase. 

The term "modify** refers to the act of altering or altering in part, e.g., the 
structure of a molecule, e.g., a protein. Modification may be covalent or noncovalent, and 

20 includes, but is not limited to, aggregation, association, substitution, conjugation and/or 
elimination of a chemical group. Modification may alter the function or other properties 
chemical, physical) of the molecule. 

The term "alkyl," by itself or as part of another substituent, means, imless 
otherwise stated, a straight or branched chain or cyclic hydrocarbon radical or 

25 combinations thereof which may be fully saturated, mono- or polyunsaturated and can 
include di- and multi-radicals, having the number of cari^on atoms designated (f.e. CpQ 
means one to eight carbons). Examples of saturated hydrocarbon radicals include straight 
or branched chain groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 
isobutyl, sec-butyl| homologs and isomers o^ for example, n-pentyl, n-hexyl, n-heptyl, 

3d n-octyl, and the like. Other saturated hydrocarbon radicals include cyclopropylmethyl, 
cyclohexylmethyl and the like. An unsaturated alkyl group is one having one or more 
double bonds or triple bonds. Examples of unsaturated alkyl groups include vinyl, 2- 
propenyl, crotyl, 2-isopentenyl, 2-(butadienyI), 2,4-pentadienyl, 3-(l,4-pentadienyl), 
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etbynyl, 1- and 3-propynyU 3-butynyl, and the higher homologs and isomCTS. The term 
"alkyl," vinless otherwise noted, is also meant to include those derivatives of alkyl 
defined below as heteroaDcyl, alkylene, hetCToalkylene, cycloalkyl and heterocycloalkyl. 
Typically, an alkyl group will have torn 1 to 24 caibon atoms, with those groups having 

5 1 0 or fewer carbon atoms being preferred in the present invention. The torn " alkylraie" 
by itself or as part of another substituent means a divalent radical derived from an alkane, 
as exempUfied by -CHjCHjCH^CHj-. A "lower alkyl" or "lower alkylene" is a shorter 
chain alkyl or alkylene group, generally having eight or fewer caibop atoms. Unless 
otherwise indicated, the alkyl groups can be unsubstituted or substituted by the 

10 substitu^ts indicated below. 

The term "heteroalkyU" by itself or in combination with another tam, means, 
unless otherwise stated, a stable straight or branched chain radical consisting of the stated 
number of carbon atoms and from one to three heteroatoins selected from the group 
consisting of O, N, Si and S, and wherein the nitrog«i and sulfur atoms may optionally be 

15 oxidized and the nitrog^ heteroatom may optionally be quatemized. The heteroatom(s) 
O, N and S may be placed at any interior position of the het^oalkyl group. The 
heteroatom Si may be placed at any position of the heteroalkyl group, including the 
position at which the alkyl group is attached to the remainder of the molecule. Examples 
include -CHj-CHrO-CH,, -CH^-CH^-NH-CHg, -CH2.CH2-N(CH3VCH3, -CH^-S-CHr 

20 CHa, -CH2-CH2-S(0)-CH3, -CH^-CH^-SCOVCHa , -CH=CH.0-CH3, -SiCCHj),, -CH^- 
CH=N-OCH3, and -CH=CH-N(CH3>C3i3. Up to two heteroatoms maybe consecutive, 
such as, for example, -CHrNH-OCHj and -CH^-O-SiCCHj)!- The term "heteroalkylene" 
by itself or as part of anotho* substituent means a divalent radical derived from 
heteroalkyl, as exemplified by -CHj-CH^-S-CHjCHj. and -CHj-S-CHj-CHj-NH-CHa- 

25 The terms ** cycloalkyl" and " heterocycloalkyl" , by themselves or in 

combination with other terms, represent, xmless otherwise stated, cyclic versions of 
"alkyl" and "heteroalkyl", respectively. Examples of cycloalkyl include cyclopentyl, 
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and tiie like. Examples of 
heterocycloalkyl include l-(l,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3- 

30 piperidinyl, 4-morpholinyl, 3-moipholinyl, tetrahydrofurah-2-yl, tetrahydroftffan-3-yl, 
tetrahydrothien-2-yl, tetrahydrothien-3-yl, l-piperazinyl, 2-piperazinyl, and the like. 

The tenns "halo" or "halogen," by themselves or as part of another 
substituent, mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. 
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Additionally, teims such as "fluoroalkyl,'' are meant to include monofluoroaDcyl and 
polyfluoroaDcyl. More particularly, the term " fluoroalkyl" also includes poUuoroalkyl, 
in which each hydrogen present in an alkyl group has been replaced by a fluorine. 



5 aiyloxy, aiylthioxy, arylalkyl) means, unless otherwise stated* an aromatic substituent 
which can be a single ring or multiple rings (up to three rings) which are fiised together or 
linked covalently. The rings may each contain fit)m zero to four heteroatoms selected 
from N, 0, and S, wherein the nitrogen and sulfur atoms are optionally oxidized, and the 
nitrogen atom(s) are optionally quatemized. Non-limiting examples of aiyl groups 

10 mclude phenyl, 1-naphthyl, 2-naphthyl, biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3- 
pyrazolyl, 2-imidazoIyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 
3-isoxa2olyl, 4-isoxazoIyl, 5-isoxazolyl, 2-1hiazolyl, 4-thiazolyl, S-thiazolyl, 2-fiiiyl, 3- 
fiiiyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyriniidyl, 5- 
benzothiazolyl, purinyl, 2-ben2imidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2- 

15 quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for each of the 
above noted aiyl ring systems are selected from the group of acceptable substituents 
described below. 



groups in which an aryl ring (or rings) is fused to a cycloalkyl group (including 
20 cycloheteroalkyl groups). The group can be attached to the remainder of the molecule 
through either an available valence on the aryl portion of the group, or an available 
valence on the cycloalkyl portion of the group. Examples of such bicyclic fused axyl- 
cycloalkyl groups are: indanyl, bmzotetrahydrofuranyl, benzotetrahydropyranyl and 
1 ,2,3,4-tetrahydronaphthyl. 
25 Each of the above terms (e,g., " all^l" and " aiyl" and " bicyclic fiised 

arylrcycloalkyl") will typically include both substituted and unsubstituted forms of the 
indicated radical. Prefeired substituents for each type of radical are provided below. In 
the case of radicals containing both aryl (including heteroaiyl) and alkyl (including, for 
example, het^oalkyl, cycloalkyl, and cycloheteroalkyl) portions, each of the portions can 
30 be substituted as indicated. 



alkenyl, heteroalkyl, heteroaDcenyl, alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl, 
and heterocycloalkenyO can be a variety of groups selected from: -OR', ==NR% 



The term *' aryl,'* employed alone or in combination with other terms (e.g.. 



As used herein, the term "bicyclic fused aryl-cycloalkyr' refers to those 



Substituents for the alkyl groups (including those groups often referred to as ■ 
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=N-OR% -NR'R", -SR*, -halo, -SiR'R"R'", -OC(0)R', -CO^R*, -CONR'R", 
.OC(0)NR'R", ->JR"C(0)R', -NR"-C(0>OR', .NH-C(NH2)=NH, .NR'C(NH2)=NH, 
.NH>C(NH2)=NR*, -S(0)R*, -S(0)3R', -S(0)2NR'R", -CN and -NO^ in a number 
ranging from zero to (2N+1), where N is the total number of caibon atoms in such radical. 

5 R', R*' and R"* each independently refer to a hydrogen or Cl-ClO alkyl group. 

Preferably, a substituted alkyl group will have from one to six independently selected 
substituents. More preferably, a substituted alkyl group will have from one to four 
independently selected substituents. Nevertheless, certain substituted alkyl groups (e.g„ 
perfluoroalkyl) will have a full 2N + 1 substituents (where N is the number of carbon 

1 0 atoms in a saturated alkyl group). Examples of substituted alkyl groups inchide: 
-C(0)-CH3, -C(0)CHiOH, .CHrCH(C0jH)-NH2 and .Si(CH3)j-CHj-C(0)-NHa. 



-halo, -OR\ -OC(0)R\ -NR'R", -SR', -R% -CN, -NOj. -COiR'. -CONR'R'% 
-OCXO)NR'R", -NR"C(0)R% -NR"-C(0)-OR*, -NH-CCNHJ^NH, -NR*C(NH2)=NH, 
15 -NH-C(NH2)=NR', -S(0)R', -S(0)2R'. -S(0)2KR'R" , -Nj, -CHCPh)^, perfluoro(C,- 

C4)alkoxy, and perfluoro(C,-C4)a]kyl, in a numbo* ranging fitim zero to the total number 
of open valences on the aromatic ring system; and whwe R* and R" arc indqpwidently 
selected from hydrogen, (CrCJalkyl, aiyU aryl-(C,-CJalkyl, and aiyloxy-(C,-C4)alkyl. 



20 replaced with a substituent of the fomiula -T-CXOXCHj),-!!-, \\1ierein T and U are 

independently -NH-, -0-, -CHj- or a single bond, and the subscript s is an integer of from 
0 to 2. Alternatively, two of the substituents on adjacent atoms of the aryl ring may 
optionally be replaced with a substituent of the formula -A-(CHj)p-B-, wherein A and B 
are independently -CHj-, -0-, -NH-, -S-, -S(0)-, -S(0)2-, -S(0)2NR'- or a single bond, and 

25 p is an integer of from 1 to 3^ One or more of the single bonds of the new ring so formed 
may optionally be replaced with a double bond Alternatively, two of the substituents on 
adjacent atoms of the aiyl ring may optionally be replaced with a substituent of the 
formula -(CH2)q'Z-(CH2V, where q and r are independently integers of fiiom 1 to 3, and Z 
is -0-, -NR'., -S-, -S(0)-, -S(0)j-, or .S(0)2NR'-. The substituent R* in -NR'- and 

30 -S(0)2NR*- is selected from hydrogen or (CrQ)alkyl. 



Similarly, substituents for the aryl groups are varied and are selected from: 



Two of the substituents on adjacent atoms of the aryl ring may optionally be 



As used herein, the term "heteroatom** is meant to include oxygMi (O), 
nitrogen (N), sulfur (S) and silicon (SQ. 
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The tenn **phannaceuticaUy acceptable salts** is meant to include salts of the 
active compounds which are prepared with relatively nontoxic acids or bases, depending 
on the particular substituents found on the compounds described herein. When 
compounds of the present invraition contain relatively acidic functionalities, base addition 
S salts can be obtained by contacting the neutral fonn of such compounds with a sufficient 
amount of the desired base, either neat or in a suitable inert solvent. Examples of 
phamiaceutically acceptable base addition salts include sodium, potassium, calcium, 
ammonium, organic amino, or magnesium salt, or a similsn salt Wh^ compounds of the 
present invention contain relatively basic fimctionalities, acid addition salts can be 

1 0 obtained by contacting tiie neutral form of such compounds with a sufBcient amount of 
the desired acid, either neat or in a suitable inert solvent Examples of phamaaceutically 
accq)1able acid addition salts include those d^ved from inorganic acids like 
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric, 
monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohydrogensulfuric, 

15 hydriodic, or phosphorous acids and the like, as well as the salts derived from relatively 
nontoxic organic acids like acetic, propionic, isobutyric, oxalic, maleic, malonic, benzoic, 
succinic, suberic, fumaric, mandelic, phthalic, bwizenesulfonic, p-tolylsulfonic, citric, 
salicylic, tartaric, methanesulfonic, and the like. Also included are salts of amino acids 
such as arginate and the like, and salts of organic acids like glucuronic or galactunoric 

20 acids and the like (see, for example, Berge, et aL (1 977) J. Pharm, Sci, ,66:1-1 9). Certain 
specific compounds of the present invention contain both basic and acidic functionalities 
that allow the compounds to be converted into dth^ base or acid addition salts. 

The neutral fonns of the compounds may be regenerated by contacting the salt 
with a base or add and isolating the parent compound in the conventional mann^. The 

25 parent form of the compound differs from the various salt fonns in certain physical 

properties, such as solubility in polar solvents, but otherwise the salts are equivalent to the 
parent fonn of the compound for the purposes of the present invention. 

In addition to salt fonns, the present invention provides conqsounds which are 
in a prodrug form. Prodrugs of the compounds described herein are those compounds that 

30 readily undergo chemical changes under physiological conditions to provide the 

compounds of the present invention. Additionally, prodrugs can be converted to the 
compounds of the present invention by chemical or biochemical methods in an ex vivo 
environment For example, prodrugs can be slowly converted to the compounds of the 
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present invention v/bcn placed in a transdennal patch reservoir with a suitable enzyme or 
chemical reagent. Prodrugs are often useful because, in some situations, they may be 
easier to administer than the parent drug. They may, for instance, be bioavailable by oral 
administration whereas the parent drug is not. The prodrug may also have improved 
5 solubility in pharmacological compositions over the parent drug. A wide variety of 

prodrug derivatives are known in the art, such as those that rely on hydrolytic cleavage or 
oxidative activation of the prodrug. An example, without limitation, of a prodrug would 
be a compound of the present invention which is administered as an ester (the "prodrug"), 
but then is metabolically hydrolyzed to the carboxylic acid, the active entity. Additional 
1 0 examples include peptidyl deriyatives of a compound of the invention. 

Certain conq>ounds of the present invration can exist in unsolvated fonns as 
well as solvated fomis, including bydrated forms. In general, the solvated forms are 
equivalent to unsolvated fonns and are intended to be encompassed within the scope of 
the present invention. 

1 s Certain compounds of the present invention possess asymmetric carbon atoms 

(optical centers) or double bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are aD intended to be encompassed within the scope of the present 
invention. 

The compounds of the present invention may also contain unnatural 
20 proportions of atomic isotopes at one or more of the atoms that constitute such 

compounds. For example, the compounds may be radiolabeled with radioactive isotopes, 
such as for example tritium (^H), iodine-125 (*^I) or carbon-14 ('^C). All isotopic 
variations of the compounds of the present invention, whether radioactive or not, are 
intended to be encompassed within the scope of the present invention. 

25 

General 

A number of studies have demonstrated an association between CMV 
infection and the development of cardiovascular disease, in particular, atherosclerosis and 
restenosis, which share the same pathology of cardiovascular endothelial mjury, 
30 Atherosclerosis, or the progressive narrowing and hardening of (he arteries over time due 
to injury or dysfunction of endothelial and/or smooth muscle cells. In response to such 
injury or dysfunction, lipid accumulation and plaque formation occurs, preceded and 
accompanied by inflammation. The plaques formed can inhibit blood flow and promote 
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clot fonnation, ultimately causing heart attacks, stroke and claudication. Rest^osis is the 
re-nairowing and/or hardening of a blood vessel that can develop following a procedure, 
such as balloon angioplasty, aimed at opening the blood vessel. For example, CMV DNA 
has been detected in atherosclerotic lesions (Melnick el aL (1993) fiir. Heart J. 14(Suppl. 
5 K):30-38 and Horvatfa et al (2000) J. Qin. Virol 16:17-24) and restenotic lesions (Speir 
ei al (1994) Science 265:391-394 and Zhou et al (1996) New Engl J. Med. 335:624- 
630). Also, there is evidence that human CMV increases modified LDL uptake and 
scavenger receptor mRNA expression in vascular smooth muscle cells (Zhou et al (1996) 
y. Qin, Invest. 98:2129-2138). CMV infection has been shown to increase the neointimal 
1 0 response to vascular injury without consistent evidence of direct infection of the vascxilar 
wall (Zhou et al (1999) Circulation 100:1569-1575). More recenfly, the effects of 
chronic non-vascular CMV infection on the neointimal response to experimental vascular 
injury has been demonstrated (Zhou et al (2000) Cardiovasc Res. 45:1019-1025). 



15 rejection in transplant recipients (see, e.g., Grattan et al (1989) JAMA 2613561-3566). 
For example, CMV infection is associated with the development of accelerated 
arteriosclerosis in cardiac allografts (Koskinen et al, (1996) Clin, Transplant. 10(6 Pt 
l):487-493); bronchiolitis obliterans in lung allografts (Bando et al (1995) J. Thorac. 
Cardiovasc, Surg, 110:4-14); hepatic artery thrombosis (Madalosso et al (1998) 

20 Transplantation 66(3):294-297) and transplant renal artery stenosis (Pouria et al. (1998) 
Q. J. Med. 91:185-189), Evidence suggests that prevention or therapy of CMV infection 
could increase the chances of graft survival in transplant recipients. 



CMV infection has also been associated with graft atherosclerosis and 



Embodiments of the Invention 



25 



Compounds 

In one aspect, the present invention provides metiiods of using compounds of 



general formula (I): 




I 
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in which X represents -NR'R\ -0R\ -SR', aryl aDcyl or aiylalkyl. The letter Y represents 
a covalent bond, -li(K^y, -0-, -S-, -C(=0> or an alkylene radical. Preferably, Y is 
-N(R^- or -0-, in which R^ is as defined below. More preferably, Y is -N(R^. For those 
embodiments in which Y is an alkylene radical, the aUcyl^e radical will typically have 

5 from 1 to 8 carbon atoms in the chain, with alkylene groups having fronoi 1 to 3 carbon 
atoms being preferred. 

R* and R^ are independently selected from hydrogen, alkyl, -0-alkyl, -S-alkyl, 
aryl, aiylalkyl, ^-aryl, -S-aryl, ^NO,, -NR^R*, -C(0)R', -COaR", -C(0)NR'R" - 
N(R')C(0)R^ -NCR^COjR", -N(R')C(0)NR^*, -S(0)jmV, -S(0)„R^ -CN, halogen, 

10 or -N(R')S(0)^",in which R\ R", R', R'*' and R" are as defined below. 

In one group of preferred embodiments, R' is an electron-wiflidrawing group 
and R^ is an electron-donating group. Within this group of embodiments, R* is preferably 
-NO2, -S(0) Jfll'R', -S(0) Jl*, halogen, fluoroalkyl. •C(0)R', -CO^R'** or 
. .0(0)1^^. More preferably, RMs-CF3.-N02,-a^,-S(0)„NR'R^ or -COaR^w^ 

15 -NO2 being the most prefenreA The R' group is preferably hydrogen, lower alkyl, 

-O-alkyl, -S-alkyl, aryl, arylalkyl, -0-aryl or -S-aiyl. More preferably, R^ will be methyl, 
ethyl, n-propyl, isopropyl, methoxy, ethoxy, propojq^, methoxymethyl, methylthio, 
ethylthio or propyltfaio. 

In another group of preferred embodiments, R' is an electron-donating group 

20 and R^ is an electron-withdrawing group. Within this group of embodiments, R* is 
preferably hydrogen, lower alkyl, -0-alkyl, -S-alkyl, aryl, arylalkyl, -O-aryl or -S-aryl. 
More preferably, R^ is methyl, ethyl, n-propyl, isopropyl, methoxy, ethoxy, propoxy, 
methylthio, ethylthio or propylthio. The R^ group is preferably -NOj, -S(0)„NR'R^ - 
S(0)^^ -CN, halogen, fluoroalkyl, .C(0)R^ -CO^R*" or .C(0)NRV. More preferably, 

25 R^ is -CF3, -NO2 , -CN, -S(0)„NR'R' or -CO^R^^, with -NO2 being the most preferred. 

The groups R^ and R"* are independently hydrogen, alkyl, aryl or arylalkyl, or, 
combined to form, a 5-, 6- or 7-membered ring containing from one to three heteroatoms 
in the ring. In one group of preferred embodiments, R' and R^ are combined to fonn a 5- 
or 6-membered ring. The rings defined by R^ and R'^ and the nitrogen atom can be 

30 * saturated, unsaturated or aromatic, and can contain additional heteroatoms. Examples of 
suitable rings include: pynolidinc, pyrrole, pyrazole, imidazole, imidazoline, thiazoline, 
piperidine, morpholine, and the like. In certain preferred embodiments, R' and R'* are 
combined to form a 5*mcmbered ring containing two nitrogen atoms, preferably an 
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imidazole ring, and most preferably a 2-alkyHmidazole ring or a S-aDcylimidazole ring. 
Particularly preferred X groups are 2-methylimidazoHyl, 2,4-dimethylimidazoHyl, 2- 
cthylimidazoHyl, 2-propylimidazoHyl, 2-isopropylimida2ol-lyl and 5-mcthylimidazol- 
lyl. 

The R' group is an aDcyl, aryl, aiylalkyl or bicyclic fused aryl-cycloalkyl 
group. Preferred alkyl groups are those having from one to eight carbon atoms, either 
substituted or imsubstituted. Preferred aryl groups include substituted or unsubstituted 
phenyl, pyridyl, or naphthyl. Preferred arylalkyl groups include substituted and 
unsubstituted benzyl, phenethyl, pyridyhnethyl and pyridylethyL Particularly preferred 

groups are phenyl, 4-halophenyl, benzyl, n-butyl, propionyl, acetyl and methyl. When 
Y is -N(R*)-, other preferred R' groups are those in which R* is combined with R* to fonn 
a nonaromatic ring, preferably a include substituted or unsubstituted 1-piperidinyl ring, a 
substituted or unsubstituted 4-morpholinyl ring or a substituted or unsubstituted 1- 
pymlidinylring. 

Still other prefened R^ groups (including some of the preferred fused bicyclic 
aryl-cycloalkyl groups) are selected from: 
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cj6 ■ oJ-o6h' c5io>- 



and 




In one group of particularly preferred embodiments, is a radical selected 
from the group consisting of: 
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In anoth^ group of particularly prefenred embodim^ts, is a radical 
selected from fbe group consisting of: 




CH3 

The above group of radicals is meant to include those radicals having a 
5 mixtuire of stereochemistry as well as pure isomers and enantiomers (those having less 
than about 5% of another diastereomer or enantiomer, more preferably less than about 2% 
of another isomer, and most preferably less than about 1% of another isomer).The 
group is typically hydrogen, alkyl, aryl or aiylalkyl. Preferably, R* is hydrogen, a lower 
alkyl group having from one to three carbon atoms, a phenyl ring or a phenylalkyl group, 
10 such as,' for example, a benzyl or a phenethyl group. 

. In yet another group of preferred embodiments, Y is -N(R^ and is 
combined with R^ to form a group selected from the group consisting of: 



R« 

and the like. 

15 R^ and R* are each independently hydrogen, alkyl, aryl or aiylalkyl, or, 

combined to form a 4-, 5-, 6-, 7- or 8-manbered ring containing from one to three 
heteroatoms in the ring. Preferably, R^ and R* are each independently a (C,-COa]kyl 
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group, or are combined to form a 5-, 6-, or 7-inembered ring. and R'** are 
independently selected from hydrogen, alkyl, aryl and arylalkyl. In preferred 
embodiments, R' and R*** are independently selected from hydrogen, (C,-C8)alkyl, phenyl 
and phenyl(CrC4)alkyl. R" is alkyl, aryl or arylalkyl, preferably, (Cj-CJalkyl, phenyl 
5 and phOTyl(CrCJalkyL R" is alkyl, preferably (d-CJalkyl, more preferably (C,- 
CJalkyl, and even more preferably methyl. 

In addition to the above descriptions of R* to R", the present formula abov&is 
meant to represent a number of compounds in which a second ring is fused to the 
pyrimidine ring, including structures in which one of the pyrimidine ring nitrogen atoms 

10 is at the ring junction. For the discussion below and the claims, the nitrogens are 

individually refenred to as follows: is the nitrogen atom at the 1 -position of the ring 
(which is between the caibon atom bearing -R^ and the carbon atom bearing -Y-R'). VP is 
the nitrogen atom at the 3-position of the pyrimidine ring (which is the nitrogen atom 
between the caibon bearing -Y-R* and the caibon atom bearing -X). Examples of fused 

15 rings are those in which R* is joined to R*, R' is joined to R^ R^ is joined to N^ R* is 

joined to N*, is joined to N' or R' is joined to to form a fused 5-, 6-, or 7-membered 
ring. The ring formed by these combinations will contain 1-3 heteroatoms {e.g., O, N or 
S) and can be either aromatic or nonaromatic. Preferably the additional ring formed is a 
5- or 6-membered ring. 

20 When R' and R^ are combined to form a ring, the combination can be replaced 

with a substituent of the formula -T-C(0)-(CH2)rU-, wherein T and U are independently 
selected from -NH-, -0-, -CHi- or a smgle bond, and the subscript s is an integer of from 
0 to 2. Altematively, the R' and R^ radicals can be replaced wth a substituent of the 
formula -A-(CH2)p-B-, whwein A and B are independently selected from -CHj-, -0-, 

25 -NH-, -8(0)-, -S(0)2-» -S(0)2NR'- or a single bond, and p is an integer of from 1 to 3. 
One or more of the single bonds of the new ring so formed may optionally be replaced 
with a double bond. Altematively, the R" and R* radicals can be replaced with a 
substituent of the formula -(CR^^-Z-iCH^rf where q and r are independently integers of 
from 1 to 3, and Z is -0-, -NR'-, -S-, -S(0)-, -S(OV, or .S(0)2NR*.. The substituent R' 

30 in -MR'- and .S(0)2NR'- is selected from hydrogen or (C,-C«)alkyL 

The subscript m, in the groups above, is an integer of from 1 to 2, preferably 
2. The subscript n, in the groups above, is an integw of from 1 to 3, preferably 2. 



18 



wo 02/064096 



PCTAJS02/04920 



The compounds provided in &e above fommla are meant to include all 



phaimaceutically acceptable salts and prodrugs tfaereo£A number of substitorat 
combinations on the pyrimidine ring are particularly preferred. In the following preferred 
embodiments, the substitutents X, Y and to are generally defined as above. 



Ha 

In cqmpounds of general formula na> R' is preferably -NOj, -CF,, 
.C(0)NR'R". -COjR^ -S(0)aNR'R', -S(P)^K\ -C(0)R', -SOaNH^ or -CN and R^ is 

1 0 preferably an all^l group having fix>m 1 to 8 carbon atoms. In flie most preferred 

embodiments^ the R' and R^ groups are combined to form a S-membered ring which is 
optionally fused to an aiyl group. Exanq>les of suitable S-membered ring groups (and 
those which are optionally fused to an aryl group) include pyrrolidine, pyrrole, imida2x>le, 
pyrazole, benzimidazole, imidazoline, 1,2,4-triazole, 1,2,3-triazole, imidazolidin-2'One, 

1 5 and the like. More preferably, the R^ and R* groups are combmed to form an imidazole 
ring which is substituted or, optionally, is fused to an aiyl group. Preferred substituted 
(and fused) imidazole rings include, for example, 2-methylimidazole, 2-ethyIimidazole, 
2-isopropyliirudazole, 2-aminoimidazole, 5-methylimidazole, 5-ethylimidazole, 
5-isopropylimidazole, 2,5-dimethyliniidazole, benziraidazole, and 2- 

20 meth^'lbenzimidazole. The R* and R* groups are independently selected from hydrogen, 
alkyl, aryl and arylalkyl, or can be combined to fonn a ring which is optionally fused to 
an aryl group. Figure 1 provides exemplary structures of compounds within this preferred 
group of embodiments. 



5 



One group of preferred embodimrats has the fonnula (Ha): 
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Another group of prefered embodiments are rq)resented by tbe formula 

(lib): 




S lib 

In this formula, the fused ring containing R' and is typically a heterocyclic 
ring in which the -R'-R^- group is selected from, for example, -S(0)jNR'C(0)-, 
.S(0)2NR'C(0)NR"-, -NR'S(0),NR"C(0)-, -C(0)NR'C(0)-, -NR'C{0)NR"C(0>, 
-NR'C(S)NR"C(0>, -NR'C(S)NR"C(Sh in which R' andR" arc indep^idently 

10 hydrogen or (CpC8)alkyl. The.R^ and R^ groups are preferably combined to form a 5- 
membered ring which is optionally fused to an aryl group. More preferably, the R^ and R* 
groups are combined to fomi an imidazole ring which is optionally fused to an aiyl group. 
The R^ and R* groups are independently selected from hydrogen, alkyl, aryl and arylalkyl, 
or can be combined to form a ring which is optionally fused to an aiyl group. Figure 2 

15 provides exemplary structures of confounds within this preferred group of embodiments. 

Yet another group of prefiared embodiments is represented by the formula 

(He): 




nc 

20 In this formula, the divalait radical -R'— R^- is typically an alkylene group, 

.C(0)NR'C(0)-, -C(0)NR'S(0)2- or -S(0)2NR'C(0)-, in which R* is a hydrogen or lower 
alkyl group. Preferably* R^ and R* will each independently be an alkyl group, more 
preferably a lower alkyl group. Tfhe R' and R^ groups are independently selected from 

20 
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hydrogen, alkyl, aiyl and aiylaDcyl, or can be combined to form a ring which is optionally 
fused to an aryl group. Figure 3 provides exemplary structures of compounds within this 
preferred group of embodiments. 



(C3-C5)alkylene group, alkylcneamine group (e.g., -NHCH^CHiCHi-, -NHCH^CHj-). or a 
10 -NR'C(0)CH2- group, in which R* is hydrogen or a lower alkyl group. is typically 
-NO2, -S(0)2NR'R^ 'S(0)2R', -CN, -CF3, -C(0)R^ -CO^R*" or -C(0)NR^^ More 
preferably, R' is -NOj , -CN, -CF, or -CO^^^ with -NO^ being the most preferred. The 
R^ and R'* groups are preferably combined to form a 5-membered ring which is optionally 
fused to an aryl group. More preferably, the 9? and R^ groups are combined to form an 
IS imidazole ring which is optionally fused to an aiyl group. The R^ and groiq}S are 
independently selected from bydrog^ alkyl, aiyl and aiylaDcyl, or can be combined to 
form a ring which is optionally fused to an aiyl group. The symbol X' represents a 
suitable cdunterion for the quaternary nitrogen. Preferred counterions are those which 
form pharmaceutically acceptable salts. Figure 4 provides exemplary structures of 
20 compounds within this preferred group of embodiments. 



Still another group of preferred embodiments are represented by the formula 



S (Dd): 




nd 



In this formula, the fused ring portion defined by — 



is typically a 
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Another group of preferred embodiments are represented by the fonnula(ne): 




ne 

In this formula, R' is preferably -NOj, -S{0)iNR^\ 'S{0)^\ -CN, -CFj, 
5 -C(d)R^ -COiR'*^ or -C(0)NR'R'. More preferably, R' is -NOj , -CN, -CF' or -CO^R'", 
with -NO2 being the rhost preferred. R^ is preferably an alkyl group having from 1 to 8 
carbon atoms. The R^ and R* groups are preferably combined to form a 5-membcred ring 
which is optionally fused to an aryl group. More preferably, the R^ and R^ groups arc 
combined to form an imidazole ring which is optionally fused to an aryl group. R* is 
10 preferably hydrogen, (C,-C8)alkyl, phenyl, or phenylalkyl. The fused ring portion defined 
by — R*— is typically a (C3-C5)alkylene group or a substituted alkylene group (^.g., 
-C(0)CH2CH2CH2-, "C(0)CH3CH2-), or a -NR'C(0)CH2- group, in which R' is hydrogen 
or a lower alkyl group. The symbol X" represents a suitable counterion for the quaternary 
nitrogen. Preferred counterions are those which form phannaceutically acceptable salts. 
15 Figure 5 provides the structures of exemplary compoimds of formula lie. 

Yet another group of preferred embodiments is rq)resented by the fomiula 

(HI): 



Ck 
1 



NO2 



N N CH3 

1( 



16 



R' 



nf 

20 In this fonnula R" is preferably hydrogoi, methyl or ethyl. Preferably, R' and 

R* are combined with the nitrogen atom to which R' and R' are attached to, form a ring 
selected from the group consisting of substituted or unsubstituted 1-piperidinyl, 
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substituted or unsubstituted 4-morpholinyl and substituted or unsubstituted l-pyrrolidinyl. 
Figure 6 provides exemplary structures of compounds within this prefened group of 
embodiments. 



5 Compositions 

In another aspect, the invention provides pharmaceutical compositions which 
are suitable for pharafiaceutical or diagnostic use. The compositions comprise compounds 
of formula I provided above, in combixuition with a diagnostically or phaimaceutically 
acceptable exc^)ient. The subject compositions are useful for treatmg diseases associated 

10 with CMV infection, such as atherosclerosis and restenosis, organ transplant rejection and 
pathologies associated with organ transplantation. Hie compositions are also usefiil for 
treating diseases produced by CMV infection, such as retinitis, mononucleosis, 
pneumonitis and hqjatitis. Suitable pharmaceutically acceptable excipients include sterile 
saline or other medium, water, gelatin, an oil, etc. . The compositions and/or compoimds 

15 may be prepared in combination with any convenient carrier, diluent, etc. Useful carriers 
include solid, semi-solid or liquid media including water and non-toxic organic solvents. 

Solid fonn preparations include powders, tablets, pills, capsules, cachets, 
lozenges, troches, hard candies, powders, sprays, creams, sx^jpositories, and dispersible 
granules. A solid carrier can be one or more substances which may also act as diluents, 

20 flavoring agents, binders, preservatives, tablet disintegrating agents, or an encapsulating 
material 

In powders, the carrier is a finely divided solid which is in a mixture with the 
finely divided active component. In tablets, the active component is mixed with the 
carrier having the necessary binding properties in suitable proportions and compacted in 

25 the shape and size desired. 

The powders and tablets preferably contain from 5% or 10% to 70% of the 
active compound. Suitable carriers are magnesium carbonate, magnesium stearate, talc, 
sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium 
carboxymethylcellulose, a tow melting wax, cocoa butter, and the like. The term 

30 '^preparation" is intended to include the formulation of the active compound with 

encapsulating material as a carrier providing a capsule in which the active component 
with or without other carriers, is surroimded by a carrier, which is thus in association with 
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it Similarly, cachets and lozenges are included. Tablets, powders, cq)sules, pills, 
cachets, and lozenges can be used as solid dosage fonns suitable for oral administration. 

For preparing suppositories, a low melting wax, such as a mixture of fatty 
acid glycerides or cocoa butter, is first melted and the active component is dispersed 

5 homogeneously therein, as by stirring. The moltai homogeneous mixture is. then poured 
into convenient sized molds, allowed to cool, and thereby to soHdiiy. 

Liquid form preparations include solutions, suspensions, and emulsions, for 
example, water or water/propylene glycol solutions- For parenteral injection, liquid 
prqsarations can be formulated in solution in aqueous polyethylene glycol solution. 

10 Aqueous solutions suitable for oral use can be prq)ared by dissolving the 

active component in water and adding suitable colorants, flavors^ stabilizers, and 
thickening agents as desired. Aqueous suspensions suitable for oral use can be made by 
dispersing the finely divided active component in water with viscous material, such as 
natural or synthetic gums, resins, methylccllulose, sodium caiboxymefliylcellulose, and 

1 S other well-known suspending agents. 

Also included are solid form preparations which are intended to be converted, 
shortly before use, to liquid form preparations for oral administration. Such liquid forms 
include solutions, suspwisions, and emulsions. These preparations may contain, in 
addition to the active component, colorants, flavors, stabilizers, buffers, artificial and 

20 natural sweeteners, dispersants, thickeners, solubilizing agents, and the like. 

The pharmaceutical preparation is preferably in imit dosage form. In such 
form the preparation is subdivided into unit doses containing appropriate quantities of the 
active component The imit dosage form can be a packaged preparation, the package 
containing discrete quantities of preparation, such as packeted tablets, capsules, and 

25 powders in vials or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, 
or lozenge itself^ or it can be the appropriate number of any of these in packaged form. . 

The quantity of active component in a unit dose preparation may be varied or 
adjusted fi-om 0. 1 mg to 1 000 mg, preferably 1 ,0 mg to 1 00 mg according to the particular 
application and the potency of the active component The composition can, if desired, 

30 also contdn other compatible dierapeutic agents. 

The compositions may be advantageously combined and/or used in 
combination with agents useful in the treatment and/or prevention of atherosclerosis (e.g., 
cholestyramine used to reduce cholesterol) and/or restenosis, organ transplant rejection 
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sirolimus) and pathologies associated with organ transplantation, described herein* 
The compositions may also be advantageously combined and/or used in combination with 
agents useful in the treatment and/or prevention of patholo^es associated with organ 
transplantation, such as lymphoproliferative disorders and thrombosis.. In many 
S instances, administration of the subject compounds or conq)Ositions in conjunction with 
these alternative agents enhances the efficacy of such agents. Accordingly, in some 
instances, the present compounds, when combined or admim'stered in combination with 
anti-atherosclerotic and/or anti-restenotic agents and/or immunosuppressive agents, can 
be used in dosages which are less than the expected amounts when used alone, or less 

1 0 tiian the calculated amounts for combination therapy. 

Suitable agents for combination therapy include those that are currently 
commercially available and those tiiat are in development or will be developed. 
Exmplary agents useful in the treatment of atherosclerosis and/or restenosis include 
antithrombotic agents, lipid lowering agents, calcium channel blockers, angiotensin 

15 converting enzyme (ACE) inhibitors, smooth muscle growth inhibitors and antioxidant 
agents. 

The compositions may also be advantageously combined and/or used in 
combination with antiviral agents useful in the treatment and/or prevention of the viral 
infections described herein. The compositions may also be advantageously combined 

20 and/or used in combination with agents useful in the treatment and/or prevention of 
conditions often associated with the yiral infections described herein, such as anti-HIV 
agents (described below), immunostimulatory agents (e.g., vaccines) or 
immunosuppressive agents (eg., cyclosporin, FK-506 (tacrolimus) and rapamycin 
(sirolimus)). In many instances, adnDunistration of the subject compounds or compositions 

25 in conjunction with these alternative agents enhances the efficacy of such agents. 

Accordingly, in some instances, the present compounds, when combined or administered 
in combination with antiviral or immunosuppressive agents, can be used in dosages which 
are less than the expected amounts when used alone, or less than the calculated amounts 
for combination therapy. Such combination therapy often is advantageous because a 

30 reduction in dose of one or more agents frequently results in a decrease in the adverse 
effects associated with the agent(s). 

While antiviral agents may be particularly suitable for the treatment or 
prevention of a particular viral disorder(s), practitioners skilled in the art understand that 
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such agents finequently are useful in treating a range of viral-related disorders. Exemplary 
agents useful in the treatment of CMV include acyclovir, cidofovir, ganciclovir, 
valganciclovir, immunoglobulin (CMV-specific and unselected) and foscamet. Other 
promising anti-CMV agents include (a) the nucleoside/nucleotide analogs valaciclovir, 
5 adefovir, dipivoxil and lobucavir; (b) the antisense agents fomivirsen, GEM 132 

(Hybridon), ISIS 13312 (ISIS) and (c) other therapies like benzimidavir and sevirumab. 



transcriptase inhibitors such as zidovudine (AZT), didanosine (ddl), zalcitabine (ddC, 
dideoxycytidineX stavudine (d4T), lamivudine (3TC). abacavir (1592U89), emtricitabine 

10 (FTC, Triangle Pharmaceuticals), BCH-10652 (BioChem Phanna) and the related 
nucleotide analogs (e.g., PMPA (Gilead Sciences)); (b) non-nucleoside reverse 
transcriptase inhibitors sudi as nevirapine (NVP), delavirdine (DLV), efaviraiz (DMP- 
266), emivirine (MKC-442), AG1549 (Agouron Pharmaceuticals; PNU142721 
(Pharmacia), calanolide-A (Sarawak Medi(3iem Pharmaceuticals); (c) protease inhibitors 

15 such as saquinavir (SQV), ritonavir (RTV), indinavir (IDV), nelfinavir (NFV) saquinavir 
(SQV), amprenavir (APV), 232,632 (Bristol-Myers Squibb), tipranavir, DMP-450 
(Triangle Pharmaceuticals), and lopinavir and (d) immune stimulators such as interleukin 
2 (Chiron), Reticulose® (Advance Viral Research Cciporation);Multikine® (Cel-Sci 
Corporation), and HIV-1 immunogen (Immune Response Coqwration). Other anti-HIV 

20 agents that may be used in combination with the compounds and compositions of the 
present invention include HIV integrase inhibitors (e.g., AR-177 (Aronex 
Pharmaceuticals)), fusion inhibitors (e.g., T-20 (Roche)) and antisense drugs (eg., 
HGTV43 (Enzo Therapeutics)). 



use of the foregoing compounds and compositions. In particular, the invention provides 
novel methods for treating or prevMiting diseases associated with CMV mfection, 
preferably cardiovascular disease, such as atherosclerosis and restenosis, and organ 
transplant rejection, including heart transplant rejection, kidney transplant rejection, lung 
30 ' transplant rejection, liver transplant rejection and bone marrow transplant rejection, as 
known in the art. The methods typically involve administering to a patient an effective 
formulation of one or more of the subject compositions. 



Exonplary anti-HIV agents include (a) nucleoside analog reverse 



Methods of Use 
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In yet another aspect, the present invention provides novel methods for the 
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In Still anodier aspect, the invention provides methods of using the subject 
compounds and compositions to treat disease or provide medicinal prophylaxis to 
individuals who possess a compromised immune syst^ or are expected to suffer 
immunosuppressed conditions, such as patients prior to undergoing immunosuppressive 
5 therapy in connection with organ transplantation or anticancer chemotherapy. These 
methods generally involve administ^ing to the host an effective amoimt of the subject 
compounds or phamiaceutically acceptable compositions. 

The compositions and compounds of the invention and the pharmaceutically 
acceptable salts th^eof can be administered in any effective way such as via oral, 

1 0 parenteral or topical routes. Generally, the compounds are administered in dosages 
ranging from about 2 mg up to about 2,000 mg per day, although variations will 
necessarily occur depending on the disease target, the patirat, and the route of 
administration. Prefeired dosages are administered orally in the range of about O.OS 
mg/kg to about 20 mg/kg, more preferably m the range of about 0.5 mg/kg to about 10 

15 mg/kg, most preferably in the range of about 1 mg/kg to about 5 mg per kg of body 
weight per day. 

It is believed that the compounds of the invention will block CMV replication 
by specifically modulating or inhibiting the activity of CMV DNA primase. CMV DNA 
primase regulates initiation of CMV DNA replication. Therefore, inhibition of CMV 
20 DNA primase will inhibit CMV DNA replication and render the virus imable to 
reproduce. 

While a precise understanding of the mechanism by which compounds inhibit 
viral primase activity is not required in order to practice the present invention, it is 
believed that the compounds interact with a cysteine residue of the CMV UL70 protein, 
25 which mediates CMV DNA primase activity. In particular, it is believed that the 

compounds covalently modify cysteine residue 570 {Cys„^ of a deleted amino-terminal 
sequence of UL70. 

Full length human CMV UL70 (SwissProt Accession No. P17149) has been 
described; see, eg., "Chee ei al (1990) Cwr. Top. Microbiol Immunol 15:125-169, and 
30 has the sequence shown in SEQ ID N0:1. CySjTo of the deleted amino-terminal sequence 
described herein corresponds to Cys^^ of the fidl length sequence. 

The compounds possess an electrophilic moiety that is capable of reacting 
with a thiol group. Specifically, the compounds of the invention bind covalently to Cys^ 
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of the CMV UL70 protein, and tiiis binding is specific. Compounds contemplated by the 
invention include, but are not limited to, the exemplary compounds provided herein. The 
skilled practitionCT can propose additional compounds possessing an electrophilic moiety 
that will react with CySsTo of UL70 in a similar mannCT. 

5 

Preparation of the Compounds 
The compounds of the present invention can be prqsared using general 
synthesis schemes, such as those outlined in Figures 7-16. One of skill in the art will 
understand that the syntheses provided below can be modified to use different starting 
1 0 materials and alternate reagents to acconq)lish the desired transformations. Accordingly, 
die description below, the Figures and the reagents are all expressed as non-limiting 
embodiments. 

Briefly, the compounds of formula I, in which Y is -N(R*)- can be prepared 
from a variety of known pyrimidinediones. As shown in Figure 7, the pyrimidine dione 

15 (1) can be converted to the conesponding dichloride Qi) by treatment with reagents such 
as, for example, POClj. Treatment of ii with the desired amines (including heterocyclic 
amines) provides the target compounds, typically as a mixture of isomers (Hi). Separation 
of the isomers can be accomplished by traditional methods such as column 
chromatography or HPLC. Alternatively, ii can be hydrolyzed to a mono chloro 

20 compound (using, for example, sodium acetate, acetic acid, water and ethanol) to provide 
(iv) which upon treatment witfi a suitable amine, alkoxide or thiolate ion provides (v). 
Conversion of the 4-hydroxy group to a 4-chloro substituent and displacement with a 
suitably nucleophilic amine provides the targets (vi). 

A number of p>Timidinediones are commercially available and can be used as 

25 starting materials for the above transformations, including, for example, 5-cyano-6- 
methyl-2,4-pyrimidinedione (vii), 6-methyl-2,4-pyrimidinedione-5-carboxamide (x), 6- 
methyl-2,4-pyriniidinedione-5-sulfonic acid (xv) and 6-methyl-5-nitro-2,4- 
pyiimidinedione. Each of these compounds can be converted to target compoimds of 
formula (Ua) as illustrated in Figure 8, For example, 5-cyano-6-methyl-2,4-. 

30 pyrimidinedione (vii) can be converted to a dichloride (viif) using reagents such as POQa, 
then fiirther converted to target compounds (e.g., ix) upon treatm«it with amines R^-NH- 
(e.g., 2-methylimida2ole) and R'-NH-R* (e.g., N-methylbenzylamine). 
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The caiboxamide group of 6-mediyl-2,4^yrimid]nedione;5-caibpxamide (x) 
can be hydrolyzed to a caiboxylic acid (xi) with aqueous base and then converted to an 
acid chloride (xii) with POCl, (forming a trichloride). Stepwise addition of amines or 
other suitable nucleophiles provides the target compounds (e.^., xiv). Similarly, a 
5 trichloride (xvi) is formed by treating 6-methyl-2,4-pyrimidinedione-S*sulfonic acid (xv) 
with chlorinating agents such as POCIj. Again* the stq)wise addition of amines or other 
suitable nucleophiles produces the desired target species (xviii). 

Yet another method for the pr^aration of compounds of formula Ila is shown 
in Figure 9. Treatment of either a p-ketoester (xlx) or an a-methylene ester (xxi) with 

10 base fe.g., sodium alkoxide) and an electrophile {e.g., an alkylating agent, acylating agent, 
sulfonylating agent, and the like) provides a suitably derivatized p-ketoester (xx) which 
can be converted to a pyrimidinone (xxiil) upon treatment with a substituted guanidine 
(xxil), typically in acid (acetic acid) with heating. The substituents in the 5- and 6- 
positions (R' and R^, respectively) are determined by the groups present on the 

15 derivatized P-ketoester. Chlorination of the pyrimidinone to produce (xxiv) and 
subsequent treatment with a nucleophilic nitrogen heterocycle (e.g., imidazole, 2- 
alkylimidazole, pyrrolidine, piperidine and the like) as well as other amines provides the 
target compounds of formula Ila, Substituted guanidines used in this method of 
preparation can either be obtained from commercial sources or can be prepared by the 

20 treatment of a secondary amine with cyanamide. Additional literature methods for the 
preparation of substituted guanidines are known to those of skill in the ait. 

A number of transfoimations can be carried out to attach groups to an 
unsubstituted position on the pyrimidine ring, or to modify existing groups (see Figure 
10). For example,, a 4-dhloro substituent (present, for example, in xxv) can be displaced 

2S with ammonia to produce a 4-aminopyrimidine (eg., xxvi). Treatment of the primary 
amine with succinic anhydride provides (xxviQ which upon treatment with acetic 
anhydride produces the succinimide compound xxviii (Figure IDA). Exocyclic amino 
groups can also be acylated using standard acylating agents as shown in Figure lOB. 
Metallation reactions can be carried out on pyrimidines which are imsubstituted in the 

30 6-position (Figure IOC). For example; a S-nitropyrimidine derivative (xxxl) can be 

catalytically (HJ or chemically (e.g., Fe/HCl) reduced to a 5-aminopyrimidine derivative 
(xxxii) which is then protected as a t-butyl caitamate (xxxiii). Treatment of the protected 
5*aminopyrimidine derivative with a metallating agent such as sec-butyllithium provides 
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a metallated intennediate (xxxiv) which can be acylated (xxxv), sulfonylated (xxxvi) or 
alkylated (xxxvii), as showa Similarly (see Figure 1 ID), the pyrimidine derivative 
(xxxviii) can be metallated to produce intermediate (xxxix), then acylated (xl), 
sulfonylated (xll) or alkylated (xliQ. Introduction of functional groups at the 5-position 

S can be accomplished using similar metallation chemistiy on, for example, the pyrimidine 
derivative (xliii), to produce intermediate (xllv) which can be acylated (xlv), sulfonylated 
(xlvl) and alkylated (xlvU). 

Figure 1 1 A-l ID provides synthesis schemes for several compounds which 
follow the general methods shown in Figures 7-9. For sample, Figure 1 1 A illustrates the 

10 preparation of a substituted guanidine (1) from a secondary amine (xlviii) and a 

chloroimJdate (xlix) and the conversion of ethyl cyanoacetate GO to the ketoester (Ui). 
Condensation of I and lii produces the pyrimidinone (liii) which can be chlorinated to 
provide Uv and then treated with an amine nucleophile (e.g., 2-methyliniidazole) to 
provide the target Iv. Figure 1 OB illustrates a similar route m which ethyl acetoactate (Ivi) 

15 is acylated to provide the tricarbonyl compound Qvii). Condensation of Ivii with the 
substituted guam'dine (Iviii) provides the pyrimidinone Qlx) which is converted to the 
target (Ix) using standard protocols. Figure 1 IC illustrates methodology in which a 
sulfonamide group is present in the starting material (bJ) and the substituted guam'dine 
(Ldii) contains a nitrogen heierocycle. Accordingly, condensation of bdi and bdii 

20 provides the pyrimidinone (Ixlv) which is converted to the target (Ixv) using POCI3 (or 
other chlorinating agents) followed by reaction with an amine nucleophile 1,2,4- 
triazole). Additionally, tiie general methodology allows the preparation of con^jounds 
having -O-Ar, -S-Ar, -0-aIkyI and -S-alkyl groups at the 2-position of the pyrimidine ring 
(Figure lOD). For example, treatment of the ketoester (xx) with the substituted guanidine 

25 Qxvi) provides the pyrimidinone (Ixvii) which can be chlorinated and condensed with R^- 
NH-R* to provide hdx. Removal of the protecting groups yields the 2-amin'opyrimidine 
compound (Ixx). Diazotization and subsequent chlorination can be carried out using 
standard procedures to provide Ixxi. Displacement of the chloride with either an oxygen- 
containing nucleophile or a sulfur-containing nucleophile provides the target compounds 

30 Ixxii or Ixxiii, respectively. 

Figure 12 illustrates the preparation of several compounds of formula lib. In 
one group of embodiments, substituted pyrimidines having a sulfonamide at the 5- 
position and an ester group at the 6-position (Ixxiv) can be saponified to provide Ixxv, 
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whidi is then cyclized with dehydrating agents {eg., sulfuric acid or acetic anhydride) to 
the fused heterocycle shown as Ixxvi (see Figure 12A). In other embodiments, diesters 
Oxxvii) are saponified to tiie diacid (IxxvUi) and converted to a mixture of amides (Ixxix, 
by sequential treatment with acetic anhydride and methylamine), which can then be 
5 cyclized by treatment with a ddiydrating agent (eg., acetic anhydride) as indicated to 
provide a bicyclic system (Ixxx, see Figure 12B). Yet another fused bicyclic system 
(Ixxxl) can be prepared beginning with ethyl 2-oxocyclopentanecajboxylate, using 
methods outlined above for the conversion of a p-ketoester to a substituted pyrimidine 
(see Figure 12C). Still another group of embodunents can be prepared via manipulation 
1 0 of nitrile and ester substituents (see Figure 12D). Briefly, etiiyl cyanoacetate is first 

condensed with ethyl oxalyl chloride and the resultant product is treated with a substituted 
guanidine (exemplified herein with N,N-diethylguanidine) to provide .the substituted 
pyrimidinone (IxxxiQ. Treatment of Ixxxii with POCI3 (or other chlorinating agent) 
followed by an appropriate amine (e.g,, imidazole, 2-alkylimidazole, 
15 isopropylethylamine, pynolidine) provides the substituted pyrimidine (Ixxxiii). Ester 
hydrolysis and Curtius rearrangement (using, for example, diphenylphosphoryl azide) 
provide the amino nitrile (Ixxxiv), Conversion of the nitrile group to an amide by acid 
hydrolysis, and subsequent treatment with phosgene (or a phosgene equivalent such as 
diphosgene or dimethylcarbonate) provides the fused bicyclic system, Ixxxv which can be 
20 further converted to Ixxxvi on treatment with strong base (eg., NaH) and an allcylating 
agent (eg., Mel). Certain intermediates along these synthetic routes can be converted to 
other useful derivatives (Figure 12E). For example, bcxxvii can be treated with 
Lawesson's reagent to provide the thioamide Ixxxvlii, which on treatment with phosgene 
(or a phosgene equivalent) provides the fused bicycUc system Ixxxix. Ahematively, 
25 Ixxxvii can be treated with sulfuryl chloride m the presence of a tertiaiy amine base to 
provide the fiised bicyclic system xc Figures 12F and 12G illustrate other mefliods of 
preparing compounds within the scope of formula lib. In Figure 12F, a substituted 
pyrimidine (xcl) having a sulfonamide at the 5-position and a caiboxylic acid at the 
6-position is prepared using methods analogous to those described above. Curtius 
30 rearrangement of the caiboxylic acid group in xd to an amino group provides xcii, which 
is then cyclized to xciii, using phosgene or a phosgene equivalent Figure 12G shows the 
preparation of a pyrimidine diester (xciv) and its conversion to the fused bicyclic system 
xcvil. Briefly, the silyl ester present in xciv is hydrolyzed to the acid whidi is subjected 
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to a Curdus rearrangement to provide xcv. Conversion of the remaining ester group to an 
amide can be accomplished using standard procedures to provide xcvi. Cyclization of 
xcvi to xcvii can be carried out using phosgene or a phosgene equivalent 

Compounds of formula lie can be prepared by methods outlined in Figure 13. 
5 In one group of embodiments (in Figure 13A), a 4-chloropyrimidine derivative (xcvili, 
prepared by methods described above)^ is treated with an amine (e.g., allylamine) to 
provide xcix. The ester group is then converted to an N-methyl amide (c) upon treatm^t 
with methylamine in an alcohol solvent. Cycliziation of c to ci occurs upon treatment with 
phosgene or an equivalent Similarly, compounds having more electronegative groups in 

10 the 6-position can be prepared as shown in Figure 13B. For example, the 

chloropyrimidine cii can be produced using methods outlined above and then converted to 
the bicyclic compound citi, using procedures described for xcix. Still other fused systems 
of formula lie can be prepared as shown in Figure 13C Hm> a chloropyrimidine 
derivative (civ) is treated with a primary amine (e,g,y allylamine) to provide an amino 

15 moiety at the 4-position of the pyrimidine ring. Cyclization of the amino moiety onto a 
sulfonamide Q^resent at the S-position) can be accomplished with phosgene or an 
equivalent to provide the target (cv). 

Preparation of compounds of formula Ild can be accomplished, in one 
embodiment, as outlined in Figure 14. Briefly, ethyl nitroacetate can be condensed with a 

20 mixed anhydride (cvl) to provide a nitroketoester (cvii) which can then be converted to a 
pyrimidine (cviil) upon treatment with a suitably substituted guanidine. Removal of the 
protecting group, followed by treatment with POCI3 effects chlorination of the pyrimidine 
ring and cyclization to form a pyrimidinium salt (cix). Treatment of cix with an amine 
nucleophile produces the target compound (cx). Other compounds in this group can be 

25 prepared by starting with ethyl 3,3,3-trifluoropropionate or ethyl cyanoacetate and 
varying both the substituted guanidine and the amino nucleophile which are used. 

Preparation of certain compoimds of formula lie can be accomplished 
following procedures outlined in Figure 15. According to the scheme depicted in Figure 
15, a suitably substituted guanidine (cxi, prepared from a protected hydroxypropylamine) 

30 is condensed with ethyl 2-nitroacetoacetate (or similarly ethyl 2- 

trifluoromethylacetoacetate) to provide the a pyrimidinone (cxii). Removal of the 
protecting group, chlorination and cyclization using procedures similar to those shown in 



32 




wo 02/064096 PCTAJS02/04920 

Figure 15, produces the salt (cxiii). Subsequent treatment of cxiii with a nucleophilic 
amine produces the target (cxiv). 

Preparation of compounds of fomaula Ilf can be accomplished following 
procedures outlined in Figure 16. Accordingly, (S)-2-aminopropanol can be treated with 
S benzaldehyde in ethanol followed by sodium borohydride to form the N-benzyl alcohol 2. 
Acylation of the amine with chloroacetyl chloride provides 3, which can be cyclized to 4 
upon treatment with sodium hydride. Reduction of the amide carbonyl present in 4 with 
lithium aluminum hydride (LAH) provides the substituted moipholine 5. Hydrogenolysis 
of the N-benzyl group can be accomplished with hydrogen using a palladium on carbon 

1 0 catalyst to provide (S)-3-methyfanorpholine 6. 

Compound 6 can be combined with 2-chloro-4-hydroxy-6-methyl-5- 
nitropyrimidine (7), to provide compound 8. The hydroxy group present in 8 can then be 
converted to a chlorine upon treatment with POCI3 to provide compound 9, which upon 
treatment with imidazole in ethanol yields the parent compound 1* Conversion of 1 to the 

15 various salts can then be accomplished upon treatment with an equivalent of a suitable 
sulfonic acid (illustrated in Figure 16 as benzenesulfonic acid (PhSOaH) and 
toluenesulfonic acid (p-MePhSOjH)). 

The compounds used as initial starting materials in this invention may be 
purchased from commercial sources or alternatively are readily synthesized by standard 

20 procedures which are well know to those of ordinary skill in the art. 

Some of the compounds of the present invention will exist as stereoisomers, 
and the invention includes all active stereoisomeric forms of Aese compounds. In the 
case of optically active isomers, such compounds may be obtained from coiresponding 
optically active precursors using the procedures described above or by resolving rac^ic 

25 mixtures. The resolution may be cairied out using various techniques such as 

chromatography with a chiral solid support or a chiral solvent, repeated recrystallization 
of derived asymmetric salts, or dmvatization, which techniques are well known to those 
of ordinary skill in the art 

The compounds of the invention may be labeled in a variety of ways. For 

30 example, the compounds may contain radioactive isotopes such as, for example, 
(tritium), '"I (iodine-125) and "C (caibon-14). Similarly, the compounds may be 
advantageously joined, covalently or noncovalently, directly or through a linker molecule, 
to a wide variety of other compoimds, which may provide prodrugs or function as 
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carriers, labels, adjuvants, coactivators, stabilizes, etc. Such labeled and joined 
compounds are contemplated within the present invaition. 

Analysis of the Compounds 
5 The subject compounds and compositions were demonstrated to have 

pharmacological activity in in vitro and in vivo assays, e.^., they are capable of 
specifically modulating a cellidar physiology to reduce an associated pathology or 
provide or enhance a prophylaxis. 

Certain preferred compoimds and compositions are capable of specifically 

1 0 inhibiting or suppressing cytomegalovirus infection. For the assessment of activity 

against human CMV, a method was used which is similar to that described in Kohler, et 
al (1994) y. Virol. 68:6589-6597. Briefly, a recombinant human cytomegalovirus 
(HCMV) was made containing a maiker gene (lucifraase) under flie control of the 
promote for thq late 28 kDa viral structural phosphoprotein pp28. Human foreskin 

1 5 fibroblast (HDFT) cells were infected with the recombinant HCMV virus (moi (miiltiplicity 
of infection) 5), placed into 96-well plates, and cultured under standard cell-culture 
conditions. Compounds that were evaluated for anti-HCMV activity were added to the 
infected cells 20 h lat^. The level of hiciferase expression was measured 24 h after 
treatment with the test compounds. Hie biological activity of the test compounds is 

20 described by their IC50 values, the concentration of test compound that reduces 

recombinant HCMV late gene expression (represented by luciferase expression in the 
HFF culture) by 50% relative to control (vehicle-treated) infected cells. As an additional 
control, the cytotoxicity of test compounds on untreated HEF cells was also evaluated in 
cultured cell growth experiments. 

25 Table 1 provides biological data for selected compounds &om the examples 

below. 
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TABLE 1 



Compound 


ICso(^M) 


a 


0.8 


c 


0.1 


d 


0.02 


f 


6 


g 
e 


0.8 


h 


0.3 


J 


0.01 


k 


1 


ED 


2 


n 


0.4 


o 


2 


P 


0.3 


q 


3 


8 


3 


t 


10 



Evidence that the subject compounds modulate CMV DNA primase was 
5 obtained from a series of experiments. IVpically 25 cm^ flasks of HFF cells(IxlO^ 
cells/flask) were mock-infected or infected with HCMV at a moi (multiplicity of 
infection) of 5 pfii/cell. After 1 h, the inoculum was removed and the cells were overlaid 
with fresh media containing the appropriate concentration of a tritiated compound, CH)-d, 
(^H)-17 or CH)-25,3 (see FIG. 17). The ceUs were incubated at 37 °C for 24, 48 or 96 h. 
10 The cells were then washed with PBS and scraped into 1 mL of PBS. The infected cells 
were centrifliged for 2 min. The supematant was discarded and the cell pellet was 
resuspended and lysed in 300 pL of PBSA* (1% nonidet P40, 1% sodium deoxycholate, 
10 nM PMSF, 10 nM TLCK, 10 nM TPCK, 1 mM EGTA, 10 nM approtinin in PBS). 
The samples were then sonicated for five 2-min. intervals, aliquotted and stored at -80 
15 *'C. Fifty 1-^iL samples were mixed with lamelli sample buffer (Biorad) and subjected to 
SDS electrophoresis in 10% or 4-20% gradient polyacrylamide gels. The 
electrophoretically separated radiolabeled proteins were transferred to nitrocellulose and 
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exposed for 6 days to Ultrasensitive Fuji tritium detection plates and analyzed with a 
phosphoimagCT. 

As shown in FIG. 1 8A, one specific protein (protein X) that migrated with an 
apparent molecular mass of approximately 110 IcD was observed only in extracts derived 
5 from infected cells treated with CH)-d and appeared at 48 h post-infection. The time of 
appearance of this protein is consistent with early gene expression in HCMV, which gives 
rise to the proteins involved in viral DNA replication. 

As shown in FIG. 19A, extracts from cells infected with either a baculovirus 
expressing an unrelated protein or baculovirus expressing the HCMV IJL70 gene wwe 

10 subjected to SDS polyaciylamide electrophoresis in 4-20% gradirat gels. The separated 
proteins were then transferred to nitrocellulose and probed with either preimmune senun 
or anti-HCMV UL70 peptide serum. Using the ECL detection system, a strong signal at 
-^85 kD was observed widi the immune serum only in extracts from insect (Hig|h Five) 
cells infected with baculovinis expressing UL70. The bac'ulovirus-produced UL70 

15 protein appeared as a doublet on SDS gels. Baculovirus UL70 protein lacks the first 100 
amino acids at the N>termlnus and thus, migrates faster than the full length UL70 protein 
in SDS polyaciylamide gels. 

As shown in FIG. 1 9B (panel 1), UL70 can be detected in infected cells, and 
the specific.UL70 antibody signal comigrated exactly with the CH)-d-labeled 1 10 kD 
20 viral-specific protein X (FIG. 1 9B, panel 2). 

Modification of CMV UL70 by the subject compounds was detemiined by 
gen^ation of an HCMV mutant strain that is resistant to compound 1 and comparison of 
wild-type Towne sequences of the HCMV replication genes with sequences of the 
corresponding genes in the 1-resistant virus. 



25 Eleven viral genetic loci have been shown to be required for HCMV DNA 

replication. To determine which of these genes is mutated in the mutant vims, DNA 
sequencing was pCTformed. Wild type Towne sequences of the HCMV replication genes 
were compared with sequences of the corresponding genes in the 1-resistant virus. To 
detect bona fide point mutations, multiple pools of polymerase chain reaction (PGR) 

30 products were sequenced for each of the following genes (including SOO bp of flanking 
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sequences): UL44 (DNA polymerase accessoiy factor), ULS4 (DNA polymerase), ULS7 
(single-stianded DNA binding protein), UL102 (helicase-primase accessoiy factor), 
ULIOS (helicase), UL101-IJL102 (origin binding protein), ULl 12-113 loci (early proteins 
of unknown function), UL84 (unknown function) and UL70 (piimase). The only changes 
S identified were three point mutations in the UL70 gene encoding the HCMV primase, 
shown in FIG. 20. Hie presoice of the three point mutations was confirmed by PGR 
amplification and sequencing of the UL70 genes firom three indq)endent preparations of 
the 1 -resistant virus DNA, 

All three point mutations detected are in the conserved primase domains of 
1 0 the IJL70 protein. In particular, the cysteine residue at position 570 is completely 

conserved among all primase homologs identified in (he herpes virus family. However, 
the adjacent residues are poorly conserved. The proUne residue at position 571 is not a 
highly conserved residue. Site-specific mutag^esis of serine 571 back to proline in the 
presence of the Vj,, I and I«2 F mutations could not rescue wild type viruses in (he 
15 presence of high concentrations (1 fiM) of an analog of compound 1. Furthermore, 

mutation of proline 571 to serine alone was not sufficient to confer a conq30und-resistant 
phenotype. Further mutagenesis studies in which V^j, and Ig^^ were restored individually 
to 1 -resistant virus UL70 DNA were not sufiScient to restore a resistant phenotype. 



20 Combinatorial Libraries 

Combinatorial libraries of compounds that possess an electrophilic moiety 
capable of reacting with a thiol group can be screened for antiviral activity. 
Conventionally, new chemical entities with usefiil properties are generated by identifying 
a chemical compound (called a **lead compound") with some desirable property or 

25 activity, e,g., antiviral activity, creating variants of the lead compound, and evaluating the 
property and activity of those variant compounds. However, the current trend is to 
shorten the time scale for all aspects of drug discovery. Because of the ability to test large 
numbers quickly and efficiently, high throughput screening (HTS) methods are replacing 
conventional lead compound identification methods. 

30 In one preferred embodiment, high throughput screening methods involve 

providing a library containing a large number of potential therapeutic compounds 
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(candidate compounds). Such ''combinatorial chemical libraries" are then screened in 
one or more assays to identify those library members (particular chemical species or 
subclasses) that display a desired characteristic activity. The compounds thus identified 
can serve conventional lead compounds" or can tiiemselves be used as potential or 
S actual therapeutics. 

A combinatorial chemical Ubrary is a collection of diverse chemical 
compounds generated by either chemical synthesis or biological synthesis by combining a 
number of chemical "building blocks'* such as reag^ts. For example, a linear 
combinatorial ch^cal Ubrary^ such as a polypeptide (eg., mutein) library, is formed by 

10 combining a set of chemical building blocks called amino acids in every possible way for 
a given compound length (i,e., the number of amino acids in a polypeptide compound). 
Millions of chemical compounds can be synthesized through such combinatorial mixing ' 
of diemical building blocks (Gallop eL al (1994)7. Med. Chem. 37(9):1233-1251). 

Preparation and screening of combinatorial chemical libraries is well known 

15 to those of skill in the art. Such combinatorial chemical libraries include, but are not 
limited to, peptide libraries (see, e.g„ U.S. Patent No. 5,010,175, Furka (1991) Int. J, 
Pept Prot Res. 37:487-493, Houghton et. al (1991) Nature 354: 84-88), peptoid libraries 
(PCT Publication No WO 91/19735), encoded peptide libraries (PCX Publication WO 
93/20242), random bic-oligomer libraries (PCT Publication WO 92/00091), 

20 benzodiazepine libraries (U.S. Patent No. 5,288,5 14), libraries of diversomers, such as 
hydantoins, benzodiazepines and dipeptides (Hobbs et. al. (1993) Proc Nat. Acad. Sci. 
USA 90:6909-6913), vinylogous polypeptide libraries (Hagihara et al. (1992) J. Amer. 
Chem. Soc. 114:6568), libraries of nonpeptidyl peptidomimetics with a Beta-D-Glucose 
scafTolding (Hirschmann et al (1992) J. Amer. Chem. Soc. 114:9217-9218), analogous 

25 organic syntheses of small compound libraries (Chen et. al (1994) J. Am. Oiem. Soc, 
116:2661), oligocarbamate libraries (C3io et al (1993) Science 261:1303) and/or peptidyl 
phosphonate libraries (Campbell et al (1994) /. Org. Chem. 59:658). See, general^, 
Gordon et al (1994) J. Med. Chem. 37:1385-1401, nucleic acid libraries (see, e.g., 
Stratagene Corp.), peptide nucleic acid hVaries (see, e.g., U.S. Patent No. 5,539,083), 

30 antibody libraries (see, e.g., Vaugjm et. al. (1996) Nature Biotechnology 14(3):309-314), 
and PCT/US96/10287), cari)ohydrate hT)raries (see, e.g.. Liang et al (1996) Science 
274:1520-1522, and U.S. Patent No. 5,593,853), and small organic molecule libraries 
(see, e.g., benzodiaz^ines, Baum (1993) C&EN Jan 18, page 33; isoprenoids, U.S. Patent 
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No. 5,549,974; pyirolidines, U.S. Patent Nos. 5,525,735 and 5,519,134; moipholino 
compounds, U.S. Patent No. 5,506,337; ben2odia2q)ines, U.S. Patent No. 5,288,514; and 
the like). 

Devices for the preparation of combinatorial libraries are commercially 
5 available {see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY; 

Symphony, Rainin, Woburn MA; 433 A Applied Biosystems, Foster City CA; 9050 Plus, 
Millipore, Bedford, MA). 

A number of well known robotic systems have also been developed for 
solution phase chemistries. These systems includes automated woricstations like the 
10 automated synthesis q)p^tus developed by Takeda Chemical Industries, LTD. (Osaka, 
Japan) and many robotic systems utilizing robotic arms (Zymate n, Zymark Corporation, 
Hopkinton MA; Orca, Hewlett-Packard, Palo Alto CA), which mimic ttie manual 
synthetic operations performed by a chemist Any of the above devices are suitable for 
use with the present invention. The nature and implementation of modifications to these 
15 devices (if any) so that they can operate as discussed herein will be apparent to persons 
skilled in the relevant art In addition, numerous combinatorial libraries are themselves 
commercially available (see e,g,, ComGenex, Princeton NJ; Asinex, Moscow, Russia; 
Tripos, Inc., St. Louis MO; ChemStar, Ltd, Moscow, Russia; 3D Pharmaceuticals, Exton 
PA; Martek Biosciences, Columbia MD; e/c.^. 

20 

High Throughput Screening 

High throughput assays for the presence, absence, quantification, or other 
properties of particular compounds are well known to those of skill in the art. Thus, for 
example, U.S. Patent No. 6,043,038 discloses high throughput screening methods for 

25 modulators of primase activity. Such assays may be adapted to identify compomds 

capable of modifying CMV UL70 using fimctional protein. Preferred assays thus detect 
enhancement or inhibition of CMV DNA primase activity. 

In addition, high throughput screening systms are commercially available 
(see e.g., Zymaik Coip., Hopkinton MA; Air Technical Industries, Mentor OH; Beckman 

30 Instiuments, Inc., Fullerton CA; Precision Systems, Inc., Natick MA; etc). These 

systems typically automate entire procedures, including all sample and reagent pipetting, 
liquid dispensing, timed incubations, and final readings of the microplate in detector(s) 
appropriate for the assay. These configurable systems provide high througlqjut and rapid 
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Start up as well as a high degree of flexibility and customization. The manufacturers of 
such systems provide detailed protocols for various high throughput systems. Thus, for 
example, Zymark Corp. provides technical bulletins describing screening systems for 
detecting the modulation of gene transcription, ligand binding, and the like. 
5 The following examples are offered by way of illustration and not by way of 

limitation. 

EXAMPLES 

'H-NMR spectra were recorded on a Varian Gemini 400 MHz NMR 
10 spectrometer. Significant peaks are tabulated in the order: number of protons, 

multiplicity (s, singlet; d, doublet; t, triplet; quartet; m» multiplet; br s, broad singlet) 
and coupling constant(s) in Hertz. Electron Ionization (EI) mass spectra were recorded on 
a Hewlett Packard S989A mass spectrometer. Mass spectrometry results are r^orted as 
the ratio of mass over charge (m/z), followed by the relative abundance of each ion (in 
IS par^theses). 

EXAMPLE 1 




2-(N-methylannino)-4-(2-methylimidazolyl)-6-methyl*S-Ditropyriniidine 
(a) and an isomer 4-(N-metbylaniUno)-2-(2-methyIimidazolyl)-6-methyl-5- 

20 nitropyrfanidine (b). To a stirred cold (-78 ''C) solution of 2,4-dichloro-6-methyl-S- 
nitropyrimidine (2.2S g, 10.8 mmol, 1.0 equiv.) in THF (IS mL) was added 2- 
methylimidazole (977 mg, 11.9 mmol, LI equiv.) in a solution of THF (IS mL) dropwise. 
After 1 h, the dry ice bath was rq)Iaced with a water ice bath and stirring was continued 
for an additional 2 h and IS mirt. At this time N-methylaniline (4.6 mL, 43.2 mmol, 4.0 

2S equiv.) was added. The reaction solution was stirred 1 h and IS min. at -78 and at 
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room temperature overnight At this time the solvent was removed and the residue was 
. diluted with didiloromethane and washed three times with O.IM HCl and three times with 
saturated aqueous NaCl solution. The organic phase was evaporated and the residue was 
purified by chromatography on silica gel (1 :1 hexane/dietfayl ether, 1% AcOH as eluant) 
S to provide 209 mg of the target compound a (6%) along with an isomer (400 mg) and b 
(104.8 mg). 

(a) 'H NMR (400MHz) (CD3OD): 8 2.26 (3H. br s); 2.58 (3H, br s); 3.61 
(3H, s); 6.88 (IH, s); 7.02 (2H, d); 7.31-7,34 (3H, m); 7.43-7.48 (2H, m). Anal, calcd. for 
CjfiHj^A: C, 59.25; H, 4.97; N, 25.91. Found Q 59.16; H, 4,95; N, 25.86. 
10 (b) *H NMR (400MH2) (CDCy: S 2.40 (3H, s); 2.80 (3H, s); 3.55 (3H, s); 

6,95 (IH, s); 7.13 (2H, m); 7.30-7 J9 (3H, m); 7.86 (2H, s). 

EXAMPLE 2 




2-(N-methylanilino)-4-(2-methyliinlda2olyl)-6-^thyl-5-nitropyrimldine(c), 
15 To a stirred, cold (-78^C) solution of a (54.4 mg, 0.1 68 mmol, 1 .0 equiv.) in THF (1 .0 

mL) was added LiN(SiMe3)2, ( 0.20 mL, 0.201 mmol, 1.2 equiv,, of a l.OM/THF solution) 
dropwise. Ailer stirring for 10 min., Mel (0.105 mL, 1.68 mmol, 10 equiv.) was added 
dropwise. The reaction was kept at -78 for 40 min. and stirred for an additional 4 h at 
0 *>C. A small portion of acetic acid (0.25 mL) was poured into the flask and the brown 
20 residue was evaporated to dryness. The residue was then dissolved in dichloromethane 
and washed three times with saturated aqueous NaG solution and the organic phase was 
evaporated to dryness to provide a cmde yellow oil. 

Purification was carried out by column chromatography on silica gel with 1:1 
hexane/diethyl eth^, 1% AcOH, 3% MeOH as eluant, to provide 21.4 mg of the desired 
25 product (37%). 
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(c) 'H NMR (400MHz) {CDfiD): 8 1.29 (3H, br s); 2.28 (3H, br s); 2.86 
(2H, br s); 3.63 (3H, s); 6.89 (IH, s); 7.02 (IH, s); 7.30-7.39 (3H. m); 7.42-7.49 (2H, m). 
MS ESI m/z (relative intensity): M+H, 339.2 (100); M+Na, 361.1 (15). 



EXAMPLES 




2-(N-beiizyImethyIainmo)-4-(2-methyIiinidazoIyI)-6-methyl-5- 
nitropyrimidine (d), 2,4-Bis-<N-benzyImethylamiBo)-6-methyI-5-nitropyrimidine (e) 
and 4-(N-4ieiizylmethylamiDo)-2-(2-methyIiiiudazolyI)-6-methyl^^ . 

1 0 (1). To a stirred, cold (-78'*C) solution of 2 A<UcWoro-6-methyl-5-mtropyriimdme (1 87.7 
mg, 0.90 mmol, 1 .0 eqvdv,) in THF (2.25 mL) and EtOH (2 J25 mL) was added 
2-methylimidazole (148 mg, 1.80 mmol, 2.0 equiv.) in a solution of EtOH (2.25 mL) 
dropwise. After 45 min., the dry ice bath was replaced with a water ice bath and the 
mixture was stirred for an additional 2 h 15 min.. At this time N-methylbenzylamine 

15 (0.465 mL, 3.60 mmol, 4.0 equiv.) was added. After stiiring for 2 h and 40 min., the 
solvents were removed by evaporation. The residue was diluted with dichloromethane 
and washed three times with 0.1 M HCl and three times with saturated aqueous NaCl 
solution. Solvent was removed from the organic phase and the residue was purified by 
chromatography on silica gel (1:1 hexane/diethyl ether, 1% AcOH, as eluant) to provide 

20 d (32 mg), e (116.3 mg) and f (104.8 mg). 

(d) "HNMR (400MHz) (CDQj): 5 2.30 (1.5H. s); 2.53 (1.5H, s); 2.57 (1.5H, 
s); 2.59 (1.5H, s); 3.15 (1.5H, s); 3.27 (1.5H. s); 4.88 (IH, s); 4.97 (IH, s); 6.87 (0.5H, s); 
6.90 (0.5H. s); 6.96 (0.5H, s); 6.99 (0.5H, s); 7.16 (IH. d); 7.24-7.37 (4H, m). MS ESI 
m/z (relative intensity): M+H, 339.2 (100); M+Na, 361.1 (8) 
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(e) 'H NMR (400MHz) (CDCI3): 6 2.49 (3H, s); 2.79 (3H, s); 2.90-320 (3H. 
br humps); 4.70-4.88 (4H. br humps ); 7.12-7.35 (lOH, br humps). MS ESI mix (relative 
intensity): M+H. 378.2 (100); M+Na, 400.1 (15) 

(!) 'H NMR (4.00MHz) (COa,): 8 2.52 (3H, s); 2.67 (3H, s); 2.90 (3H, s); 
5 4.92 (2H. s); 6.89 (IH, s); 7.20 (2H, d); 7.28-7.35 (3H. m); 7.74 (IH, s). MS ESI m/z 
(relative intensity): M+H, 339.2 (100). 



EXAMPLE 4 




rile 

g 



10 2-(N-mefhyI-4-chloroanilino)-4-(2-methyllmidazolyl)-6-methyl-5- 

nitropyrimidine (g). To a stiired, cold (-78 ^'C) solution of 2,4-dichloro-6-methyl-5- 
nitropyrimidine (207.5 mg, 1.0 mmol, 1.0 equiv.) in THF (2^5 mL)* and EtOH (2.25 mL) 
was added 2-methylimidazole (164 mg, 2.00 mmol, 2.0 equiv.) in a sohition of EtOH 
(2.25 mL) dropwise. After 45 min., the diy ice baA was replaced wi^ a water ice bafli 

1 5 and stining was continued for an additional 2 h and 1 5 min.. 4-Chloro-N-methylaniline 
(0.485 mL» 4.0 mmol, 4.0 equiv.) was then added and the reaction solution was stirred for 
2 h and 40 min.. Solvoit was removed by evq3oration and tihe residue was diluted with 
dichloromethane, waSshed three times with 0.1 M HCl, three times with saturated aqueous 
NaCl solution and dried over MgS04. Solvent was removed from the organic phase and 

20 the residue was purified by silica gel chromatography (1:1 hexane/dietfayl ether, \% 
AcOH as eluant) to provide g (55.9 mg, 15.6%). 

(g) 'H NMR (400MHz) (CD3OD): 6 2.30 (3H, br s); 2.57 (3H, br s); 3.59 
(3H, s); 6.91 (IH, s); 7.02 (IH, s); 7.36 (2H, d); 7.44 (2H,d). MS ESI m/z (relative 
intensity): M+H, 359.1 (100). 
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EXAMPLES 




h 



2-(N-iiiethyIanilino)-4-(2-inethyliinida2olyl)-6-Isopropyl-5- 
5 nitropyrimidinc (h). To a stirred, cold (-78 **C) solution of a (38.6 mg, 0.1 19 mmol, 1.0 
equiv.) in THF (0.5 mL) was added NaH (9.5 mg, 0.24 mmol, 2.0 equiv., 60% in oil). 
Aft^ stirring for 15 min., Mel (0.074 mL, 1.19 mmol, 10 equiv.) was added. The 
reaction was kept at -78 "^C for 2 h, then stirred an additional 2.5 h at 0 °C. A small 
portion of acetic acid (0.25 mL) was poured into the flask and the brown mixture was 
10 evaporated to dryness. The residue was dissolved into dichloromethane, washed three 
times with water and three times with saturated aqueous NaCl solution* Solvent was 
removed from the organic phase and the product was purified by silica gel 
chromatography (1:1 hcxane/dietbyl etfier, 1% AcOH as eluant) to provide the target 
compound (133 mg 33%). 
15 (h) 'HNMR (400MHz) (COaj: 6 1.20-1.35 (6H, m); 2.29 (3H, br s); 3^4 

(IH, m); 3.62 (3H, s); 4.92 (2H, s); 6.89 (IH, br s); 7.03 (IH, br s); 7.30-7.40 (3H. m); 
7.71-7.48 (2H, m). MS ESI m/z (relative intensity): M+H, 353.1 (100). 
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EXAMPLE6 

2-(N-ben2ylmethylamino)-4-(2-metfaylimidazolyl)-6-ethyl-S-nitropyrii^ (|). 




2-(N-methylanilino)-4-(2-methyIimida2olyl)-6-isopropyl-5- 
5 nitropyrimidine (j)-. To a stirred, cold (-78 ''Q solution of d (57.7 mg, 0.170 nmiol in 
THF (0.5 mL) was added LiNCSiMes)^, (0.17 mL, 0.17 mmol, 1.0 equiv., l.OM/THF) 
dropwise. After stirring for 10 min., Mel (0.106 mL, 1.70 mmol, 10 equiv.) was added 
dropwise. The reaction was kept at -TS^'C for 2 h and then stirred for an additional 3 h at 
0 ^'C. A small portion of acetic acid (0.25 mL) was poured into the flask and the brown 

10 mixture was evaporated to dryness. The residue was dissolved into dichloromethane, 
washed three times with water, three times with saturated aqueous NaCl solution and the 
organic phase was evaporated to dryness. The target compound was obtained following 
silica gel chromatography (1:1 hexane/diethyl ether, 1% AcOH, 3% MeOH as eluant). 
Yield: 30.3 mg (50.4%). 

15 0) 'H>3MR(400MHz)(CD3OD): 5 1.26-1.41 (3H,m);2.21 (1.5H,s);2.45 

(1.5H, s); 2.86-2.94 (2H, m); 3.22 (1.5H, s); 3.35 (1.5H, s); 4.93 (IH, s); 5.05 (lH,s); 6.91 
(0.5H, s); 6.94 (0.5H, s); 7.07 (0.5H, s); 7.12 (0.5H, s); 7,23-7.38 (5H, m). MS ESI miz 
(relative intensity): M+H, 353.1 (100). 
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EXAMPLE? 




-Me 



2-(N,N-diethylamiDoH-(2-metfaylimidazolyI)-6-methyl-S-nitropyriini 
(k). To a cooled (-78^ C) solution of 2,4-dich]oro*6-methyl-S-nitropyriinidme (208 mg, 
5 1.0 mxDol, 1.0 equiv. in 2 mL each of EtOH and THF) was added 2.0 equiv. of 

2-inethyliinjdazoIe in 2 mL of EtOH. The resulting mixture was stirred for 1 hr at -78^C, 
then for 2 hr at O^'C. Diethylamine (0.413 mL» 4.0 equiv.) was added dropwise and the 
reaction was stirred overnight. The resulting mixture was diluted with dichloromethane^ 
washed with 0.1 N HCl, saturated NaCl, dried QAgSO^), and filtered. Solvent was 
1 0 removed by evaporation and the residue was purified by silica gel chromatogrsqphy to 
provide 35 mg of tiie target compound k. 

(k) 'HNMR (400MHz, CDCI3): 6 1.15-1.23 (3H, m); 2.48 (3H. s); 2.53 (3H, 
s); 3.59.3.6O (2H, q); 3.68-3,70 (2H, q); 6.86 (IH, s); 6.95 (IH, s). MS ESI m/z (relative 
intensity): M+H, 291.2 (100). 
15 In a similar manner, the following compounds were prqiared using the 

indicated amine in place of diethylamine. Each was obtained as a yellow oiL 



Me 
NO2 

"Me 



0^ 

m n o 

2-(N-benzyIbutylamino)-4-(2-methylimidazo]yl)-6-methyl-5- 
nitropyrimidine Compound m (N-butylbenzylamine) (m). 40 mg. 'HNMR 
20 (400MH2, CDCy: 5 0.86-0.95 (3H, m); 1.23-1.38 (2H, m); 1.5M.68 (2H, m); 2.52 (3H, 
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m); 3.52 (2H, t); 4.83 (IH, s); 6.80 (IH. s); 6.92 (IH, s); 7.13 (2H, d); 7.26-7.31 (3H, m). 
MS ESI m/z relative intoisity: M+H, 381.2 (100). 

2-(N-metb}1butylainuio)-4-(2-inetbyliinidazolyI)-6-metbyl-5- 
nitropyrimidine Compound n (N-metbylbatylamine) (n). 68 mg. 'H NMR 
5 (400MHz, CDClj): 8 0.95 (3H, t); 1.32 (2H, m); 2.51 (3H, br s); 2.55 (3H, s); 3.15-3.24 
(3H, d); 3.58-3.72 (2H, t); 6.85 (IH, s); 6.95 (IH, s). MS ESI m/z (relative intensity) 
M+H, 305.4 (100). 

2-(N,N-dibeD2yIainIno)-4-^-metbyIimidazolyI)-6-mediyI-5- 
Ditropyrimidine Compound o (Dibenzylamine) (o). 20 mg. 'H NMR (400MHz, 
10 COa,): 6 2.53 (3H. br s); 2.55 (3H, br s); 4.81 (2H, s); 4.96 (2H,s); 6.85 (IH, s); 6.95 
(IH, s). MS ESI m/z (relative intoisity) M+H^ 415.6 (100). 



Compound p (4-metb3ipiperidine). 45 mg. 'H NMR (400MHz^ CDCl,): 8 
1.12-1.16 (SB; m); 2.46 (3H, s); 2.51 (3H, s); 3.40-3.47 (SH. m); 6.84 (IH, s); 6.99 (IH, 
15 s). MS ESI m/z (relative intensity): M+H, 317.1 (100). 

Compoand q (N-(cyclopropylmethyQbutylamine). 41 mg. 'H NMR 
(400MHz. CDClj): 8 0.23-0.64 (4H, m); 0.89-0.93 (3H, m); 1.18 (IH, t); 1.59-1.73 (2H, 
■ m); 2.49-2.5 1 (3H, d); 2.54-2.55 (3H, d); 3.46-3.58 (2H, m). MS ESI m/z (relative 
intensity): M+H, 331.2 (100). 




P 



q 



20 
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EXAMPLE 8 





2-(N-methylanilino)-4-pyrrolldino-6-mcthyl-5-iiitropyrimidine (r). To a 
cooled (-78 °C) solution of 2,4-dichloro-6-methyl-5-nitropyrimidine (208 mg, 1.0 mmol, 
5 1 .0 equiv. in 2 mL each of EtOH and THF) is added 1 .1 equiv, of pyrollidine in 1 .0 mL of 
EtOa The resulting solution is stirred for 1 hr at -78 *C, thai for 2 hr at 0 
N-methylaniline (0.432 mL, 4.0 equiv.) is added dropwise and the reaction is stirred 
overnight. The resdtingniixture is diluted with dichloromethane, washed with 0.1 N 
HCl, saturated NaQ, dried (MgSOJ, and filtered. Solvent is removed by evs^oration and 
10 the residue is purified by chromatography to provide the target compound r 

EXAMPLE 9 



2-(N-Methylben2ylamino)-4-(2-methyliinidazolyl)-5-nitropyriinidine(s). 

15 To a solution of 2,4-dichloro-5-nitropyrimidine (200 mg, 1 mmol) in dioxane (5 mL) at 
80 **C was added 2-methylimida2ole (85 mg, 1 mmol) and N-methylbenzylamine (133 
pL, 1 mmol). The solution was stirred overnight at 80 °C, cooled, and directly 
chromatographed (1/1 hexane diethyl ether) to yield product. 

(s) 'H NMR (400MH2) (CD3OD): 8 3.09 (s, 1.5H), 3.17 (s, 1.5H), 3.18 (s, 

20 1.5H), 4.5-4.8 (m, 2H), 7.2-7.5 (m, 8H). 
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CI 




Me 



.NO2 



Me 



.NO2 



t 



2-(N-Methylanilino)-4-(4-methylimldazolyl)-5-iiitro pyrimidine (t). To a 
solution of 2,4-dicUoro-6-methyl-5-nitropyiimidine (150 mg, 0.72 mmol) in dioxane (5 
5 mL) at 80 "C was added 4-methylimida2ole (60 mg, 0.72 mmol) and N-methylaniline (77 
mg, 0.72 mmol). The solution was stiired ovemight at 80 ^C, cooled, and directly 
chromatogiaphed (1/1 hexane dietbyl ether) to yield product 



(t) 'HNMR (400MHz) (CD3OD): 5 2.37 (s, 3H). 2.74 (s, 3H), 3 JO (s, 3H), 
7.25.7,55 (m. 5H), 7.75 (s, IH), 9,31 (s, IH). 



pyrimidine (u). To a solution of 2,4-dichloro-6-methyl.5-nitropyriniidine (175 mg, 0.84 
15 mmol) in dioxane (5 mL) at 80 ^'C was added 2-methylimidazole (85 mg, 0.84 mmol) and 
l-benzylpipirazine (148 pL, 0.84 mmol). The solution was stirred ovemight at 80 **C, 
cooled, and directly chromatographed (1/1 hexane diethyl ether) to yield product. 



EXAMPLE 11 




u 



2-(4-BeDzylpiperazine)-4-(2-methyIiniidazolyl)-6-methyI*5'Ditro 
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(u) *H NMR (400MHz) {CD3OD): 6 2.42 (s, 3H), 2.60 (s, 3H), 3.38 (br s, 
4H), 3.80 (br s, 4H), 4.38 (s, 2H), 7.30-7.55 (m, 7H). MS ESI 347 m/e (relative 
intensity): M + H, 348.0 (100). 



EXAMPLE 12 




2-(4-trifluoromethy!ben2ylandno)-4-(2-methyliraida2ol-l-yl)-6-methyl-S- 
iiitrop>TimidiDe (v). To a stiired mixture of 2-chloro-4-hydroxy-6-inethyl-5- 
nitropyrimidine (300 mg, 1.58 minol, 1.0 equiv.) in absolute ethanol (20 mL) was added 
4-(trifluoromethyl)ben2ylaiiiine (540 mg, 3.08 mmol, 1.95 equiv.), and sodium acetate 
(130 mg, 1 .58 mmol, 1.0 equiv.). The mixture was slowly heated and the resulting 
solution refluxed for 22 L The mixture was then cooled and ethanol was removed in 
vacuo. The oily residue was dissolved in ethyl acetate and washed three times with IM 
HCl, three times with saturated NaCl solution, then dried over MgS04. Removal of 
solvent provided a crude yellow solid intCTmediate which was dried under vacuum then 
dissolved in 4 mL of POCI3 with heatmg (95-1 00**C) for 0.5 h. The POCI3 was removed 
by rotary evaporation and the crude brown product was purified using chromatography 
(1:1 hexane/dichloromethane) to provide a chloropyrimidine intamediate (313 mg), 
which was carried on directly without additional purification. 

To a stirred solution of the above chloropyrimidine (150 mg, 0.43 mmol, 1.0 
equiv.) in acetonitrile (2.5 mL) was added methylimidazole (142 mg, 1.7 mmol, 4.0 
equiv.). The resulting mixture was heated to reflux for 5 h, cooled, and the solvent 
removed by rotary evaporation. The residue was dissolved in ethyl acetate, washed with 
O.IM HCI, H2O, brine and dried over MgS04 to give a crude yellow solid following 
removal of solvent. The solid was purified using chromatography with 2.5% 
MeOH/dichloromethane to give a yellow oil. A solid product was obtained by 
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precipitation from didilorometfaane and hexane. Yidd: 152.3 mg, 51% from the starting 
2-chlon>-4-l]iydroxy-6-me(hyl-5-nitropyrimidine. 

'HNMR(400MHz) CDQ, 5 2.28 (1.5H, s); 2.42 (1.5H, s); 2.55 (1.5H, s); 
2.58 (1.5H, s); 4.71 (IH, d); 4.80 (IH, d); 6.67 (0.5H, br s); 6.80 (0.5H,br s); 6.88 (IH, d); 
5 6.96 (IH. s); 7.41 (IH. d); 7.49 (IH. d); 7.62 (2H, d). MS ESI m/z (relative intensity: 
M+H 392.9 (100). 



EXAMPLE 13 




w 



10 2-(l-pheiiyl-l-propylainino)-4-(imida2oM -yl)-6-methyl-5- 

nitropyritnidine (w) using an alternate procedure for the addition of an imidazole group 
to the pyiimidine nucleus: To a stirred solution of 2-(l-phenylpropyIaniino)-4-hydroxy- 
6-niethyl-5-nitropyrimidine (78 mg, 0.270 mmol, 1.0 equiv., prepared in a manner similar 
to that in Example 12 above) in pyridine (1 mL) was added trifluoroacetic anhydride (115 

15 mL, 0.812 mmol, 3,0 equiv.). The mixture was stirred for 15 min., then imidazole (184 
mg, 2.70 mmol, 1 0 equiv.) was added, and the mixture allowed to stir overnight. Pyridine 
was removed by rotary evaporation and the dark residue was dissolved in ethyl acetate 
and washed wth O.IM HCI followed by brine. The crude solid obtained after removal of 
solvent was purified by chromatography 2.5% MeOH/CHjCla to give 36.1 mg (42%) of 

20 the title compound. 

'H NMR (400MHz) CDCI3 5 0,99 (3H, m); 1.73-2.02 (2H, m); 2.48 (3H, s); 
4.81 (0.66H, dd); 5.07 (0.33H, dd); 6.16 (0.66H, d); 7.02 (0.33H, d); 7.08-7.12 (2H,m); 
7.25-7.38 (5H, m); 7.89 (0.66H. s); 8.18 (0.33H, s). MS ESI m/z (relative intensity: M+H 
339.2 (100). 
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e>{:AMp^.e h 

This example illustrates the synthesis of pyrimidine derivatives having an 
alkoxy group in the 2'position, exemplified by 2-(propyIoxy)-4-(2-methylimidazol-lyl)- 
<{-methyl*5-nitropyrunidine (x). 




To a flask charged with n-propanol (5 mL) was added NaH (1 28 mg, 3 . 1 9 
mmol, 2,0 equiv., 60% in oil) and flie mixture was stined under Nj for 1 0 min.. The 
resulting solution was transfmed vfa cannula into a flask containing a solution of 2- 
chloro-4-hydroxy-6-methyl-5-nitropyrimidine (302 mg, 1 .60 mmol, 1.0 equiv.) in n- 

10 propanol (5 mL). The resulting mixture was heated in an oil bath at 100 X for 1 h, 
poiured into a separatory funnel containing dilute HCl and extracted with 
dichloromethane. The organic phase was separated and washed with water, brine and 
dried over MgS04 to give a crude solid (yield 297 mg) after removal of solvent The 
crude solid was heated in neat POCI3 (3 mL) for 6 min. at 85-90 **C, cooled on ice. and 

15 the fOCly was removed in vacuo. The chloropyrimidine int«mediate was purified via 
chromatography to provide 1 17 mg of the intermediate which was converted to the title 
compound using methods described in Example 12. The product was obtamed as a 
yellow oil (191 mg, 43% from 2-ch]oro-4-hydroxy-6-methyl-5-nitropyrimidine). 

NMR (400MHz) CDCI3 6 L04 (3H, t); 1.86 (2H, dq); 2.52 (3H, s); 2.61 

20 (3H, 6); 4.38 (2H, t); 6.90 (IH, d); 6.98 (IH, d). MS ESI m/z (relative intensity: M+H 
278.1 (100) 

EXAMPLE 15 

The compounds listed in Table 2 were prepared using the procedures outlined 
25 in Examples 12-13. Compounds were tested in the CMV assay described above and 
exhibited the following levels of activity: +, IC50 > 500 nM; ++, 100nM<IC5o<500 
nM; +++,IC5o<100nM. 
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R' 




R' 


m/z (m+l) 
ormpCC) 






H 


H 


Me 


339^ 


+ 


y 


H 


H 


Me 


347.1 


+ 




H 


Me 


Me 


343.1 


++ 




H 


Me 


Me 


393,1 


++ 




H 


Me 


Me 


359.1 


+++ 




H 


Me 


Me 


359.1 


++ 




H 


Me 


Me 


392.1 


+++ 



55 



wo 02/064096 



PCTAJS02/04920 





R* 


R* 
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R* 
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R' 


R- 


m/z (nrt-1) 
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Me 
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++ 
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Me 


Me 


361.1 


++ 



EXAMPLE 16 

The compounds listed in Table 3 were prepared using the procedures outlined 
in Examples 12-14, Compounds were tested in tbe CMV assay described above and 
5 exhibited tbe following levels of activity: +, IC,© > 500 nM. 



TABLES 
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R« 
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EXAMPLE 17 




!H3 



2-(2-indanainino)-4-(2-methylimidazoyl)-6-inethyl-5-nitropyrimidiiie 
5 (17). 2-(2-Indanammo)-4-chloro-6-methyl-5-nitropyrimidine (56 mg, 0.184 mmol, 1.0 



equiv) was dissolved in 2.0 mL EtOH followed by the addition of'38 mg of 2- 
methylimidazole (0.463 mmol, 2.5 equiv). The resulting yellow solution was placed in an 
80 bath and allowed to stir for 24 k The solution was then concentrated under 
reduced pressure. Purification by flash chromatography (SiOj, 2% MeOH/CH^aj) g^^® 
10 34 mg of the product as an amoiphous yellow solid (0,096 mmol, 52%): mp 203-204 



NMR (CDQj, 400 MHz, mixture of rotamers) 5 7.28-7.13 (m, 5 H), 6.99 
(s, 0.5 H), 6.96 (s, 0.5 H), 6.17 (d, /= 7.9 Hz, 0.5 H), 6.06 (d, J= 7.3 Hz, 0.5 H), 4.93 (m, 
0.5 H), 4.73 (ra, 0.5 H), 3.45-3.34 (m, 2 H), 2.94 (dd, J= 4.8, 16.2 Hz, 1 H), 2.89 (dd, 7= 
4.3, 16.0 Hz, 1 H), 2.71 (s, 1.5 H), 2.65 (s, L5 H), 2.63, s, 1.5 H), 2.53 (s, 1.5 H); MS: 
15 ESI(+) 351.2 (M + H*, rel. abund 100). Anal, calcd for C,8H„NA: Q 61.70; H, 5.18; N, 
23.99. Found: C, 61.08; H, 5.22; N, 23.57. 



2-<2-indanamiDo)-4-imidazoIyl*6-methyI*5-nitropyrimidine (18). 2-(2- 
Indanamino)-4-chloro-^methyl-5-nitropyrimidin6 (66.8 mg, 0.219 mmol, 1.0 equiv) was 
dissolved in 2.0 mL EtOH followed by the addition of 37 mg of imidazole (0.543 mmol, 
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2.5 equiv). The yellow solution was heated to 80 °C for 18 h. The solution was then 
concentrated under reduced pressure and purified by flash chromatography (SiOj, 2% 
MeOH/CH^az) to give 52.1 mg of the product as an amorphous yellow solid (0.155 
mmol,71%): mp 177-178*^0. 
5 *H NMR (CDCI3, 400 MHz. mixture of rotamers) 8 8.23 (s, 0.5 H), 8. 16 (s, 

0.5 H), 7.28-7.1 1 (m, 6 H), 6.09 (broad s, 0.5 H), 5.91 (d, 7= 11 Hz, 0.5 H), 4.93 (m, 0.5 
H), 4.79 (m, 0.5 H), 3.40 (dd, 7 = 7.0, 15.9 Hz, 2 H), 2.91 (dd, 4.1, 15.8 Hz, 2 H), 2.56 
. (s, 1 .5 H), 2.46 (s, 1 .5 H); ); MS: ESI(+) 337.1 (M + H", rel. abund 100). Anal calcd for 
CjAWr C, 60.71; H, 4.79; N, 2459. Found: C, 60.29; H, 4.89; N, 24.69. 

10 

PXAMPLE^? 




F 

2-<436-difluoro-l-bdanflmino)-4-imidazolyl-^methyI-5-nitropyrimidine 
(19). 2-(4,6-Difluoro-l-indanamino)-4-chloro-6-metfayl-5-nitropyrimidine (56 mg, 0.164 

15 mmol, 1 .0 equiv) was dissolved in 2.0 mL EtOH followed by the addition of 28 mg 
imidazole (0.41 1 mmol, 2.5 equiv). The solution was heated to 80 ""C for 23 h. The 
solution was thra concentrated under reduced pressure and purified by flash 
chromatography (SiO^, 2% MeOH/CHjaj) to give 35.5 mg of the product (0.095 mmol, 
58%) as an amorphous yellow solid, mp 175-176 X. 

20 *H NMR (CDQa, 400 MHz, mixture of rotamers) 8 8.09 (s, 0.5 H), 8.06 (s, 

0.5 H), 7.26-7.10 (m, 2 H), 6.82 (dd, 7= 7.6, 1 1.6 Hz, 1 H), 6.72 (dd, J= 8.8, 8.8 Hz, 1 
H), 5.95 (broad s, 0.5 H), 5.82 (d, 8.4 Hz, 0.5 H). 5.72 (m, 0.5 H), 5.56 (m, 0.5 H), 
3.05 (m, 1 H), 2.87 (m, 1 H), 2.73 (m, 1 H), 2.55 (s, 1.5 H), 2.49 (s, 1.5 H), 1.98 (m, 1 H); 
); MS: ESI(+) 373.1 (M + H*, rel. abund 100). Anal, calcd for CpHi^FjNeO,: C, 54.84; 

25 H, 3.79; N, 22.57. Found: C, 54.95; H. 3.76; N, 22.32, 
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EXAMPLE 20 




2-(4,6-difluoro>l-iiidanamiDo)-4-(2-methyUmidazolyl)-6-methyl-5- 
5 nitropyrimidiDe (20). 2-(4,6-Difluoro-l-indanairdno)-4-chloro -6-inethyl-5- 

nitropyrimidine (56 mg, 0.164 mmol, 1 .0 equiv) was dissolved in 2,0 mL EtOH followed 
by the addition of 34 mg 2*methylmiidazole (0.414 mmol, 2,5 equiv) and the solution was 
heated to 80 °C with stirring for 26 h. The solution was then concentrated under reduced 
pressure and purified by flash chromatography (SiOj, 2% MeOH/CHjClj) to give 42.6 mg 
10 of the product (0.110 mmol» 67%) as an amorphous yellow solid, mp 164-165 ^C. 

NMR (CDCI3, 400 MHz, mixture of rotamers) 5 6.98 (s, 1 H), 6.90 (s, 1 
H), 6.81 (m, 1 H), 6.71 (m, 1 H), 5.87-5.81 (m, 1 H), 5.73 (m. 0.5 H). 5.54 (m, 0.5 H), . 
3,05 (m, 1 H), 2.82 (m, 1 H), 2.70 (m, 1 H), 2.60 (s, 1.5 H), 2.53 (s, 1.5 H). 2.51 (s, 1.5 
H), 2,46 (s, 1,5 H), 1,98 (m, 1 H); ); MS: ESI(+) 387,1 (M + IT, rel. abund 100). Anal, 
15 calcd for C.gHj^jNA'- C, 55.96; H, 4.17; N, 21.75. Found: C. 56.15; H, 4.59; N, 
20.71. 



EXAMPLE?) 




20 2-(4,6-difluoro-l-indanamiDo)-4-(2-ethyIimida2olyl)-6-methyl-5- 
nitropyrimldlne (21). 2-(4,6-Difluoro-l-mdanamino)-4-chloro -6-methyl-5- 
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nitropyrimidine (56 mg, 0.164 mmol, 1.0 equiv) was dissolved in 2.0 mL EtOH followed 
by the addition of 39 mg 2-ethylimidazole (0.406 nuno], 2.5 equiv) and the solution was 
heated to 80 for 23.S h. The solution was then concentrated under reduced pressure 
and purified by flash chromatography (SiOj, 2% MeOH/CHjOa) to give 39.6 mg of the 
5 product (0.099 mmol, 60%) as an amoiphous yellow solid, mp 88-89 ^C. 

'H NMR (CDCI3, 400 MHz, mixture of rotamers) 5 7.02 (s, 1 H). 6.88 (s, 1 
H), 6.81 (m, 1 H), 6.72 (m, 1 H), 5.85 (d, J = 9.0 Hz, 0.5 H). 5.81-5.70 (m. 1 H), 5.55 (m, 
0.5 H). 3.04 (m, 1 H), 2.86-2.64 (m, 4 H), 2.60 (s, 1.5 H), 2.53 (s, 1.5 H), 1.98 (m. 1 H), 
1^9 (t, J= 7.5 Hz. 3 H); MS: ESI(+) 401.1 (M + H*, rel. abund 100). Anal, calcd for 
10 C,^„F,NA: C, 57.00; H, 4.53; N, 20,99. Found: C, 56.93; H, 4.50; N, 20.71. 



EXAMPLE 22 




•HCI 



2-(2-indanamino)-4-(2-methylimidazoyl)-6-methyl-5-nltropyrimidinium 
15 hydrochloride (22)* 2-(2-Indanamino)-4-chloro-6-methyl-5-nitropyriinidine (310 mg, 
1.02 nimol, 1.0 equiv.) was dissolved in 7 mL EtOH followed by the addition of 600 mg 
2-methylimida2ole (7.31 mmol, 7,19 equiv.). The resulting yellow solution was then 
heated to 80 with magnetic stining. After 24 h the solution was concentrated under 
reduced pressure and purified by flash chromatography (SiOj, 2% MeOH/CH^Cy to give 
20 303.6 mg of the fi-ee base as a yellow solid(0.867 mmol). The yellow solid was then 
dissolved in 3 mL anhydrous THF followed by the addition of 2 mL (8.0 mmol, 9.2 
equiv.) of a 4.0 M solution of HCI in 1,4-dioxane. A precipitate was immediately formed, 
and the resulting slurry was allowed to stir for 10 min. The slurry was then concentrated 
under reduced pressure, taken up in 3 mL THF, and concentrated again. The resulting 
25 yellow solid was recrystallized fit)m hot EtOAc to give 179 mg of the pyridinium 
hydrochloride as light yellow needles (0.462 mmol, 45%). mp 184-185 ®C. 

'H NMR (CDjOD, 400 MHz, mixture of rotamers) 5 7.76 (d, J = 2.2 Hz. 0.5 
H), 7.71 (d, J= 2.2 Hz, 0.5 H). 7.64 (d, J= 2.2 Hz, 0.5 H), 7.61 (d. J= 2.2 Hz, 0.5 H), 
. 7.22 (m, 2 H), 7.15 (m, 2 H), 4.92 (m, 0.5 H), 4.72 (m, 0.5 H), 3.41-3.31 (m, 1 H), 2.97 
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(m, 1 H). 2.73 (s, 1 .5 H), 2.72 (s. 1 .5 H). 2.68 (s, 1 .5 H), 2.65 (s, 1 .5 H). Anal, calcd for 
C„H„NA*HC1: C, 55.89; H, 4.95; N, 21.73; CI, 9.16. Found: C, 55.89; H, 5.0(h, N, 
21.56; CI. 9.14. 

5 EXAMPLE 23 

0 

2<9'n-2-etbyIcycIohexyIaniko)-4-lmidazolyI-6-metbyl-5-nitropyrii^ 

2-(i>'w-2-EthylcycIohexylammo)-4-chloro-6-methyl-5-nitropyriraidine (58.6 mg, 0.196 
mmol, 1 .0 equiv.) was dissolved in 2.0 mL EtOH followed by the addition of 53 rag 

10 imidazole (0.778 mmol, 4.0 equiv.). The resulting yellow solution was then heated to 80 
°C with magnetic stirring. After 20 h the solution was concentrated under reduced 
pressure and purified by flash chromatography (SiOj, 2% MeOH/CHjClj) to give 39.5 mg 
of the product (0,120 mmol, 61%) as an amoiphous yeDow solid, mp 123-124 **C. 

'H NMR (CDCI3, 400 MHz, mixture of rotamers) 6 8.22 (s, 0.5 H), 8.17 (s, 

15 0.5 H), 7.39-7.27 (m, 2 H), 5.92 (d, J= 7.8 Hz, 1 H), 4.57 (m, 0.5 H), 4.42 (m, 0.5 H), 
2.65 (s, 1.5 H), 2.61 (m, 1.5 H). 2.02 (m, 1 H), 1.87-1.34 (m, 10 H), 1.02 (t, J= 7.0 Hz, 3 
H); MS: ESI(+) 331.2 (M+H*,reLabund 100). Anal, calcd for CeH^^NA: C, 58,17; 
H, 6.71; N, 25.44. Found: C, 58.01; H, 6.79; N, 25.30. 

20 EXAMPLE 24 

The compounds listed in Table 4 were prepared using the procedures outlined 
in Exan^les 17-23. Compounds were tested in the CMV assay described above and 
exhibited the following levels of activity: +, IC50 > 500 nM; ++, 100nM<lC5o<500 
nKt +-H-.IC5o<100nM. 
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++ 
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'^S-^Z-R- 

R" 


R' 




R* 


R' 


m/z (m+1) 
ormpCC) 


ic«, 
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H 
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++ 




H 


Me 


Me 
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+++ 




H 


Et 
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4++ 
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178-179 


++ 
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Me 
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•¥+ 
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++ 
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R* 






R' 


m/z (m+l) 
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Me 
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++ 
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+++ 
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R* 
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m/z (m+1) 
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++ 
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H 


Me 


Me 
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EXAMPLE 25 

The compounds provided in this example were prepared using procedures 
outlined above. The starting materials are available as described above, or from 
5 commercial sources. 
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CH3 



2>^-2-/ranf-methyIcyclohexyIaiiiiiio)<4-^-ineth)1iintdazoIyl)-6-methyl-5> 
nitropyrimidine (25.1). 12Smg. 'H NMR (400MHz, CDG^: 6 0.92(1.SH, d, J«7.2Hz): 
0.94(1.5H, d, J=7^); 1.00-1.30(5H, m); 1.31-1.41(1H. m); 1.74-1.82(2H, m); 1.94- 
5 1.96(1H, m); 2.39(1.5H, s); 2.47(1.5H, s); 2.48(1.5H, s); 2.53(1.5H, s); 3.52(0.5H, dq, 
J=4.0, 9.8H2); 3.69(0.5H, dq, J=4.0, 9.8Hz); 5.86(0.5H, d, J=9.2Hz), 5.98(0.5H, d, 
J=9.2Hz); 6.86(1H, s); 6.93(0.5H, s); 6.95(0.5H, s). MS SEIm/z relative intensity:M+H, 
331.2(100) 

1 0 2-(N-2-cts-metbylcyclabexylaiiiiDo)-4-(Z-methyIiiDidazoIyO-6-methyI-5- 
nitropyriiiiidine(25.2). 85mg. 'H NMR (400MHz, CDQa): 6 0.93(3H,d,J=7.2Hz); 
1.22-1.41(3H,m); 1.4«-1 .68 (4H, m); 1.71-1. 78(1H, m); 1.95(lH,m); 2.44(1 .5H, s); 
. 2.51(3H, s); 2.57(1.5H, s); 4.13(0.5H, m); 4.28(0.5H, m); 5.68(0.5H, d, J=9.0Hz), 
5.59(0.5H, d, J=9.0H2); 6.87(1H, s); 6.94(0.5H, s); 6.96(0.5H, s). MS SEIm/z relative 

1 5 intensityJwI+H, 331 .2(100) 



CH3 

2-(N-2-<raju-inethylcyclohexylainino)-4-linldazotyl-6-methyK5- 
nitropyrimidine ^53). 48mg. 'H NMR (400MHz, CDQa): 8 0.96(3H, d, J=6.5Hz); 
1.1 1-1.29(3H. m); 1.33-1.39(2H, m); 1.70(1H, m); 1.75-1.83(2H, m) 2.05(1H, dd, J=2.8, 
20 13.4H2); 2.45(1 .5H, s); 2.50(1 .5H, s); 3.54(0.5H, dq, J=4.0, 9.8Hz): 3.70(0.5H, dq, J=4.0, 
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9.8Hz); 5.43(0.5H, s), 5.46(0.5H, s); 7.12(0.5H, s); 7.15(0.5H, s); 7.17(0JH. s); 
7.18(0.5H. s); 8.04 (0.5H, s); 8.08(0.5H, s). MS SEIin/z relative intensityiM+H. 
317.2(100) 




5 



2-G*J-2-c/5--methylcycIohe3cylaniino)-4-imida2olyl-6-methyl-5- 



nitropyrimidine (25.4). 62ing. 'HNMR(400MHz,CDCl3):5 0.93(3H,d, J=7.2Hz); 
1.22-1.41(3H,m); 1.48-1.68 (4H,m); 1.76-1.82(lH,in); 1.94-1. 99(1H, m); 2.48(1 .5H, s); 
2.52(1.5H, s); 4.15(0.5H, m); 4.29(0.5H, m); 5.65(0.5H, d, J=7.6Hz), 5.73(0.5H, d, 
J=7.6Hz); 7.16(1H, s); 7.21(1H, s); 8.04(0.5H, s); 8.10(0.5H, s). MS SEl valz relative 
10 intensi1y:M+H, 317.2(100) 



nltropyrimidine (25.5). 48mg. 'H NMR (400MHz, CDCl,): 5 0.93(1.5H,d, J=6.8Hz); 
1.00(1.5H, d, J=6.8Hz); 1.22(1H, m); 1.83-1.88(1H, m); 1.93-2.00(1H, m); 2.12(IH, m) 
15 2.27(1H, m); 2.44(1.5H, s); 2.49(1.5H, s); 3.93(0.5H, dq, J=1.2, 7.2Hz); 4.08(0.5H, dq 
J=1.2, 7.2Hz); 5.51(0.5H, d, J=7.0Hz), 5.60(1.5H, m); 5.68(0.5H, m); 7.13(1H, s); 
7.16(1H, s); 8.00(0.5H, s); 8.07(0.5H, s). MS SEI m/z relative intensity:M+H, 315.2(100) 



2-(N-2-cu-inethyI-4-cycIohexenylainiDo)-4-iinidazolyl-6-tnetbyl-5- 
20 nltropyrimidine (25.6). 56mg. 'H NMR (400MHz, CDCI,): 8 0.96(3H. d. J»6.8Hz); 

74 




2-(N-2-fra/is-methyl-4-cyclohexenylanilno)-4-lmldazoIyI-6-methyI-5- 
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1.26(1H, m); 1.84-1.92(1H. in); 2.10-2.18(1H. m); 2^7(1H, m) 2.42(1H, m); 2.47(1.5H, 
s); 2.51(1.5H, s); 4.32(0.5H, m); 4.47(0.5H, m); 5.63(1H, s), 5.72(1H, s); 5.79(0.5H. d, 
J=9.0Hz); 5.88(0.5H, d, J=9.0Hz); 7.13(0.5H, s); 7.15(0.5H, s); 7.17(0.5H^); 7.21(0.5H, 
s); 8.03(0.5H, s); 8.08(0.5H, s). MS SEI relative mt0isity:M-l-H, 315^100) 



5 




2>(N-3-o«/t$-metbyIcyclohexylamiiio)-4-ii°'<I^Iyl'^i»c^yI*^ 
nitropyrimidine (25.7). 206mg. 'H NMR (400MHz, CDCl,): 5 0.93(1 .SH, d, J=6.5Hz); 
0.96(0.5H,d,J=6.5Hz); 1.01-1.12(lH,m); 1.33-1.41(11!, m); 1.45-1.54(1H, m); 1.60- 
1.83(5H, m); 2.40(1.5H. s); 2.49(1.5H, s); 2.50(1.5H, s); 2.56(1.5H, s); 4.19(0.5H, m); 
10 4.32(0.5H, m); 5.98(0.5H, d, J=6.0Hz), 6.03(0.5H, d, J=6.0Hz); 6.88(1H, s); 6.96(1H. s). 
MS SBI m/z relative intensity:M+H, 331.2(100) 




2-(N-3-cty-methylcycIohexyIaniino)-4-iinidazo]yl-6-methyI-5- 
nltropyrlmidine (25.8). 62ing. 'H NMR (400MHz, CDQ,): 6 0.90(3H, d, J=6.5Hz); 
15 1.08(1H, m); 1.29-1.38(lH,m); 1.42-1.52(1H, m); 1.60-1.70(1H, m); 1.76(1H, m); 1.92- 
2.03(4H, m); 2.36(1. 5H, s); 2.46(1 .5H, s); 2.49(1. 5H, s); 2.54(1. 5H, s); 3.73(0.5H, m); 
3.91(0.5H, m); 6.06(0.5H, bs), 6.22(0.5H, bs); 6.85(1H, s); 6.93(IH, s). MS SEI m/z 
relative intensity:M+H, 331.2(100) 




20 2-cyclobexylainiiio-4-(2-metbyliinidazolyl)-6-methyl-5-nitropyrinildine 
(25.9). 43mg. 'H NMR (400MHz. CDCIJ: S 1 J9(2H, m); 1.53(2H, m); I.74(2H, m); 

75 
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l.90(2H, m); 2.15(2H, m); 2^8(1.5H. s); 2.6S(1.5H, s); 2.67(1.5H, s); 2.72(1.5H, s); 
3.95(0.5H, m); 4.10(0.5H, m); 5.68(0.5H, d, J=4.0Hz), 5.79(0.5H, d, J=4.0H2); 7.03(1H, 
s); 7.12(1H. s). MS SH m/z relative intensityAl+H, 317.2(100) 

N 



S 2-cycIohex>'ImethyainiDO-4-unidazolyI-6-metbyl-5-iiitropyrimidine 
(25.10). 43mg. 'H NMR (400MHz, CDCl,): 8 0.93-1.03(2H, m); 1.12-1.28{3H, m); 
1.50-1.61(1H, m); 1 .53-1.80(5H, m); 2.44(1.5H, s); 2.50(1 .5H, s); 3.31(2H, dt, J=6.5. 
24Hz); 5.88(0.5H, bs); 6.40{0.5H, bs); 7.10(0.5H, s); 7.13(1.5H, s). 7.19(0.5H, s); 
8.07(1H, s). MS SEX m/z relative mtensity:M+H, 317.2(100) 




10 

2-(cycIohexylmetfayI)aiiilno-4-(Z-metbyUinidazolyl)-6-mcthyl-5- 
nitropyriiniduie (25.11). 43mg. 'H miR (400MHz. CDaO:S0.96(2H,m); 1.14- 
1.30(4H, m); 1.55(1H, m); 1.67(1H, m); 1.67-1.80(5H, m); 2 J9(1.5H, s); 2.47(1.5H, s); 
2.49(1 .5H, s); 2.54(1 .5H, s); 3.25(0.5H, t, J=6.3Hz); 3 J5(0.5H, t, J=6JHz); 6.02(1H, bs), 
15 6.86(lH,s); 6.95(1 H.S). MS Sm m/z relative intensityrM+H, 33 1.2(1 00) 




2-cycIopeiitylaniino-4-(2-methyIimidazoIyI)-6-metbyl-5-Ditropyriinidine 
(25.12). 25rag. 'H NMR (400MHz, CDClj): 6 1-21 (IH, m); 1.49(1H, m); 1.60-l.78(4H, 
m); 2.38(1.5H, s); 2.47(1.5H, s); 2.55(1.5H, s); 4.21(0.5H, m); 4.37(0.5H, m); 5.86(0.5H, 
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d, J=4.2H2): 5.98(0.5H, d, J=4.2Hz): 6.86(1 H, s); 6.9S(1H, s). MS SEI m/z relative 
intensityJ^+H, 303.2(100) 



10 



5 



2-(N-(4*metfaylcyclohexyI)atiuno)-4-iinidazoIyl-$-methyl-S* 
nitropyrimidine (25.13), 28mg. 'H NMR (400MHz, CDCI3): 5 1.03(1 .5H,d,J=62Hz); 
1.06(1.5H,d, J=6.2H2); 1.08(lH,m); 1.15-1.28(lH,m); 1.30.1.42(2H, m); 1.43-1.55(1H. 
m); 1.70-1.84(4H,m); 1.85-1.96(2H, m); 2.18(1H, m); 2.54(1. 5H, s); 2.64(3H, s); 
2.69(1 .5H, s); 3.84(0,5H, m); 4.02(0.5H, m); 5.97(0.5H. bs), 6.1 1(0.5H, bs); 7.01(1H, s); 
7.10(1H, s). MS SEI m/z relative intensityAl+H, 331.1(100) 

EXAMPLE 26 

This example illiistrates the synthesis of two salts of Compound 1, according 
to the route shown in Figure 16. 

OH CI CI 

^{^^ . POCla fjj^N NaOAc N^N 

HsC^T^OH HaC^S^CI acOH HgC^N^OH 

NQa NO2 £^OH NO2 



15 

26.1 2-chloro-4-hydroxy-6-methyl-5-nitropyriiiiidine (7). A 5 L flask 
was charged with tetraethylammonium chloride (590 g) which was then heated at 60 
under vacuum for 22 h to remove any water. The flask was then charged with 3 L 
anhydrous CH3CN, 2,4-dihydroxy-6-niethyl-5-nitropyrimidine (295 g, 1.724 mol, 1.0 

20 equiv.), dimethylaniUne (221 niL, 2.98 mol, 1.74 equiv,), and I L POCI3 (18,5 mol, 10.73 
equiv.). The flask was equipped with a condenser and the temperature was increased to 
80 *C under Nj. After stirring for 29 h the hot black solution was poured onto 14 L ice 
and allowed to stir for 30 min while a yellow precipitate formed. The suspension was 
fihered, and the solid was washed 3 x 1 .0 N HCl to give 247.3 g of dichloropyrimidine 

25 product. The aqueous solution from the fdtration was extracted (3 x CHjGJ, dried 
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(NajSO^) and concentrated und^ reduced pressure. The resulting green oil was purified 
via flash chromatography (SiO^, 1:1 hexanes:CH2Cl2)« resulting light green solid 

was ciystallized from hot hexanes. The aystals were washed with hexanes to give an 
additional 63.58 g of the yellow product. The combined yield of Ae dichloropyrimidine 
5 product was 310.88 g (1.49S mol, 87%). 

The dichloropyrimidine prepared in the manner described above (150.0 g, 721 
nunol) was dissolved in 3 L EtOH and cooled to 0 ^C. In a separate flask were combined 
910 mL HjO, 922 mL AcOH, and 90 g NaOAc. The aqueous solution was then added 
dropwise to the dichloride solution via dropping funnel over a period of 2 h. The solution 

1 0 was allowed to stir for 24 h by which time a light yellow precipitate was formed. The 
solid product was filtered off and the aqueous solution was set aside. The solid product 
was washed (3 x 200 mL EtOH) to give 70.3 g of the product as a flufiy light yellow 
solid. The aqueous solution was recooled to 0 followed by the addition of an 
additional 140 g dichloropyrimidine (673 mmol) and 84.5 g NaOAc. The resulting sluny 

15 was allowed to stir a further 24 h, at which time an additional 120.87 g of product was 
obtained via filtration as above. The remaining aqueous solution was allowed to stir at 0 
for an additional 24 h, followed by filtration as above to give an additional 24.03 g 
, product Total product recovered was 215.2 g (1.135 mol, 79%) as a white solid: mp 
242-244 (dec); IR (KBr) 3349, 1657, 1600, 1507, 1419, 1352, 1276, 1188, 1 100, 998, 

20 945, 799, 696, 624 cm-1; *H NMR (CDCI3, 400 MHz) 5 1.53 (s, 3 H); ESI-MS m/z 212.0 
(M+Na"). 



1) EtOH 

2) NaBH4 6H3 



26.2 N-Benzyl-L-alaninoI (2). (5)-2-Aminopropanol (300 g, 3.994 mol, 1.0 
equiv.) was dissolved in 3.0 L of anhydrous EtOH in a 5 L three neck flask under Nj. 

25 Benzaldehyde (406,05 mL, 3.994 mol, 1 .0 equiv.) was added in one portion, and the 
slightly warm solution was allowed to stir for 2.5 h. The solution was then cooled to 0 
in an ice bath, followed by the addition of 196,5 g NaBH4 (5.194 mol, 1.3 equiv.) ovct a 
period of 20 min. After stirring for 20 h 521 mL HjO was added via addition funnel over 
a period of 60 min. The resulting white slurry was then diluted with 3.0 L CH2CI2 

30 stirred for an additional 5 h. The sluny was then filtered, and the solids were washed 
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with three portions of CHjOj. The clear solution obtained fiom the filtration was then 
concentrated under reduced pressure to a volume of ~800 mL. The solution was then 
diluted with 2 L HjO, extracted (3 x 1.4 L CHjCy, dried (NajSOJ. and concentrated 
under reduced pressure to give a thick colorless oil, which quickly crystallized upon 

5 standing. The white solid was triturated with 1 .0 L hexanes, filtered, and washed with 
hexanes (3 x 500 mL) to give the pure product as a white solid 648.65 g (3.926 mol» 
98%): mp 39-40 X; [afj, = +38.5'* (c = 1.04, MeOH); IR (KBr) 3293, 3060, 3024, 
2957, 2911, 2844, 1495, 1453, 1380, 1347, 1149, 1061, 965, 935, 873, 779, 746, 699, 611 
cm"'; 'H NMR (CDCI3, 400 MHz) S 732 (m, 3 H), 7.26 (m, 2 H), 3.88 (d, J= 12.8 Hz, 1 

10 H), 3.75 (d, y = 12.8 Hz, 1 H), 3.61 (dd, 4.0, 10.6 Hz, 1 H), 3.28 (dd, 7= 7.0, 10,6 Hz, 
1 H), 2.86 (ddddd, J= 4.0, 6.6 x 3, 6.9 Hz, 1 H), 1.78 (broad singlet, 2 H), 1.10 (d, J= 6.2 
Hz, 3 H); ESI-MS m/z 166.2 (100, M+H*). Anal. Calcd for C,oH,5NO: C, 72.68; H, 9.15; 
N, 8.48. Found: C, 72.85; H, 9.06; N, 8.55, 



H 



CI X ^ V^a 



15 

26J 5S-N-Benzylmorpholin-3-one (4), A 12 L three neck flask 
equipped with mechanical stiner was charged with 648.65 g of N*benzyl-L-alaninol 
(3.926 mol, 1.0 equiv.) and 4.0 L CHjda . The solution was cooled to -io °C in a 
metbanol-ice bath followed by the addition of 547 mL EtjN (3.926 mol, 1 .0 equiv.). 

20 Chloroacetyl chloride (312.2 mL, 3.926 mol, 1 .0 equiv.) was dissolved in 700 mL CRJCli, 
and the chloride solution was added dropwise via addition funnel resulting in a cloudy tan 
solution. The solution was stirred for 1 h, and was then diluted with 3 L HjO. After 
stirring rapidly for 5 min, the layers were separated, and the water layer was extracted (3 x 
700 mL CHjClj). The combined organics were washed (1 x 2 L HjO), dried (500 g 

25 NaaS04), and concentrated under reduced pressure to give amide 3 as a light red viscous 
oil, which was used directly in the cyclization step. 

A 12 L flask equipped with a reflux condenser and mechanical stirrer was 
charged with 94,22 g NaH (3.92 mol, 1 .0 equiv., Aldrich 95%) followed by 3.0 L 
anhydrous THF. The 2-chloroamide from above was dissolved in 3.0 L anhydrous THF 
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and transferred via cannula to the NaH solution ov^ a period of 25 min. The slurry was 
then slowly heated to 65 over 60 min. After stirring for 4.5 b at reflux, the sodium 
hydride was then quenched by the slow addition of 1 00 mL HjO in 1 00 mL THF via 
dropping funnel. The heating mantle was then removed, and the reaction was allowed to 
5 cool down with stirring overnight The majority of the THF was removed under reduced 
pressin-e, and the resulting slurry was diluted with 3 L CHjClj. The solid salts were 
filtered ofi^ washed (3 x CHjCl,), and discarded. The resulting clear solution was diluted 
with 3 L H2O, and extracted (5 x 700 mL CHCI5). The combined organics were dried 
(Na2S04 ), and concentrated under reduced pressure. Purification by flash 
10 chromatography (SiOj, 100% CH^Qa to 5% MeOH/CH^aa) gave (he product as a 



colorless oil 594.92 g (2.90 mol. 74%). [a]^t>^ -90 (c = 1 .0, MeOH); 'H NMR (CDClj, 
400 MHz) 5 7.36-7.24 (m, 5 H), 5.38 (d, J = 15.4 Hz, 1 H), 4.29 (d, J = 16.5 Hz, 1 H), 
423 (d, J = 16.8 Hz, 1 H), 3.97 (d, J - 15.0 Hz, 1 H), 3.75 (dd, J = 3.3, 11.7 Hz, 1 H). 
3.64 (dd, J = 3.3, 1 1.7 Hz, 1 H), 3.56 (m, 1 H), 1.28 (d, J = 6.2 Hz, 3 H); ESI-MS m/z 
15 206.1 (100, M+H^, 228.2 (45, M+Na*). AnaL Calcd for CjjHjjNOj: C, 70.22; H, 7.37; 
N, 6.82. Found: C, 70.16; H. 7 J9; N, 6.83. 



20 equipped with mechanical stirring device, heating mantle, and reflux condenser was 
charged with 220.14 g 95% LiAlH^ (5.80 mol, 2.0 equiv.) followed by 5.2 L anhydrous 
THF under Nj. The gray slurry was allowed to stir for 30 min. The N-Benzyhnoipholin- 
3K)ne 4 (594.92 g, 2.90 mol, 1.0 equiv.) was dissolved in 2 L THF, and added via 
addition funnel over the course of 3.5 h. The solution was then heated to reflux and 

25 allowed to stir at reflux for 19.5 h. The solution was then cooled to rt, followed by the 
careful addition of 220 mL H3O in 665 mL THF via addition funnel over a period of 14 h. 
When all evolution of gas was stopped, 220 mL 15% NaOH was added, followed by 660 
mL HjO. The white slurry was then stirred for 56 h. The slurry was filtered througji a 
fiitted funnel, and the solids were washed (5 x 600 mL EtjO). The clear ethereal solution 



4 ^"3 





26.4 



3S-N-BenzyI-3-methylmorpholine (5). A 12 L three neck flask 
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was then concentrated under reduced pressure to give the product as a colorless oil 509.04 
g (2.66 mol, 92%). [a]\ = 494.5« (c = 1.10. MeOH);'H NMR (CDCl, , 400 lS4Hz) 8 
7.22-7.35 (m, 5 H), 4.06 (d, J = 13.2 Hz. 1 H), 3.72 (m, 2 H), 3.59 (ddd, J = 2.6, 10.3, 
1 1 ,3 Hz, 1 H). 3.31 (dd, J = 9.2, 1 1.3 Hz, 1 H). 3.14 (d, J = 13.5 Hz, 1 H), 2.59 (ddd, J = 
2.6, 2.9, 12.1 Hz, 1 H), 2.49 (m, 1 H), 2.19 (ddd, J = 3.3, 9.9, 12.1 Hz, 1 H), 1.09 (d, J = 
6.2 Hz, 3 H); ESI-MS m/z 192.2 (100, M+H*). Anal. Calcd for C^HitNO: C, 75.35; H, 
8.96; N, 7.32. Found: C, 75.48; H, 8.96; N. 7.23. 



Ph> 



OHa. Pd/C 

5 6 



10 26.5 3S-3-Metbylmorphollne (6). 3S-N-Benzyl-3-methyl-morpholine 

(130.0 g, 680 mmol, 1 .0 equiv.) was dissolved in 200 mL EtOH and transferred to a Pan- 
vessel. 10.0 g of Pd/C (10 wt % Pd) was added, and the Parr flask was sealed and 
subjected to hydrogenation on a Pair shaker at 62 PSL Hydrogen pressiu-e was adjusted 
periodically throughout the hydrogenation to maintain 60 PSL After 44 h, the 

1 5 hydrogenation was stopped and the vessel was purged with nitrogen. The solution was 
filtered through a plug of Celite, and the ethanolic solution was used directly in the next 
step. 




7 8 



20 26. 6 2-(3S-3-methyImorpholino)-4-hydroxy-6-methyI-5- 

nitropyrimidine (8). To the ethanolic solution of 3S*3-niethylmoipholine 6 prepared 
above (~680 mmol, 3.2 eqxiiv.) in a 1 L flask under Nj was added 2-chloro-4-hydroxy-6- 
methyl-5-nitropyrimidine (40.0 g, 21 1 mmol, 1 .0 equiv.) and 1 7.30 g anhydrous NaOAc 
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(21 1 mmol, 1 .0 equiv.). The flask containing the light yellow sluiry was equipped with a 
condenser and placed into a preheated oil bath at 80 °C. After 24 h an additional 17.3 g 
NaOAc (211 mmol, 1.0 equiv.) and 35.0 g potassium iodide (211 mmol, LO equiv.) was 
added to the bright orange slurry. After heating for an additional 21 h the flask was 

5 removed and the solution was allowed to cool to rt. The suspension was then filtered, and 
the solids were washed (3 x 50 mL EtOH). The combined e&anol solution was th^ 
concentrated to ~100 mL under reduced pressure and diluted with 0.5 N HG until the pH 
was -2. The solution was extracted (3 x 500 mL CHjClj), washed with 1 .0 N HCl, dried 
(Na^SOJ, and concoitrated under reduced pressure to give the crude yellow solid 

10 Purification via flash chromatography (SiOj, 2-4% MeOH/CH2Cl2 ) gave the product as a 
yellow solid 40.86 g (160.8 mmol, 76%): mp 179-180 *C; [0)^0 = +135.r (c = 1.04, 
MeOH); IR (KBr) 3439, 3121. 2976, 2861, 1669, 1577, 1506. 1389, 1336, 1263, 1136, 
1067, 982, 915, 846, 796 cm-1; 'H NMR (CDCI3, 400 MHz) 8 7 J7 (d, J 3.7 Hz, 1 H), 
4.72 (m, 1 H), 4.45 (m, 1 H), 4.02 (dd, J = 3.7, 11.4 Hz, 1 H), 3.80 (d, J = 12.1 Hz, 1 H), 

15 3.67 (dd. J = 2.9, 11.7 Hz, 1 H), 3.53 (ddd. J = 2.9, 11.7, 12.1 Hz, 1 H), 3.36 (ddd. J = 3.7. 
12.8, 13.5 Hz, 1 H), 2.58 (s. 3 H), 1,59 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 255.1 (100, 
M+H+). Anal. Calcd for doH^NA- C. 47.24; H, 5.55; N, 22.04. Found: C, 47.14; H. 
5.48; N, 22.15. 




NO2 NO2 
8 9 



20 26. 7 2-(3S-3-metbyImorpbol]no)-4-cliloro-6-methyI-5- 

nitropyrimidine (9). AIL flask containing the nitropyrimidine 8 prepared above (39.99 
g, 1 57.4 mmol, 1 .0 equiv.) was charged with 250 mL POCI3 under . The flask was 
equipped wift a condenser and placed in a preheated 80 bath with stirring. The slurry 
slowly dissolved over a period of 50 min, and the yellow solution was then removed from 

25 the bath, and POCI3 was removed und^ reduced pressure in a rotary evaporator with a 
bath temperature of 60 ^C. The resulting yellow oil was purified via flash chromatography 
(SiOj , 10 to 50% EtOAcyHexanes) to ^ve 40.24 g of the product (147.9 mmol, 94%) as a 
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yellow ofl. (£4" D = +144.6" (c = 1 .03, MeOH); 'H NMR (CDCI, , 400 MHz) 8 4.76 (m, 1 
H), 4.44 (m. 1 H), 3.99 (dd, J = 4.0, 11.7 Hz, 1 H), 3.78 (d, J = 11.7 Hz, 1 H), 3.65 (dd, J 
= 3.3, 11.7 Hz, 1 H), 3.51 (ddd, J = 2.9, 1 1.7, 12.4 Hz, 1 H), 3.32 (ddd, J = 4.0, 12.4, 13.9 
Hz, 1 H), 2.45 (s, 3 H). 1.34 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 273.0 (100, M+H+). 



nitropyrimidine (1). The diloropjiimidine 9 prepared above (40.04 g, 147.2 minol, 1.0 
equiv.) was dissolved in 300 mL anhydrous EtOH followed by the addition of 30.07 g- 

1 0 imidazole (441 .6 nuuol, 3.0 equiv.) under Nj. The flask was equipped with a condenser 
and placed in a prdieated 80 "C bath widi magnetic stining. After stirring for 75 min the 
solution was cooled to it and concentrated under reduced pressure. Purification via flash 
du-omatograpby (SiOj , 2-4% MeOH/CHjCIj) gave the product as a yellow oil. Upon 
standing tiie oil ciystallized to give a yellow solid wbidi was triturated wi& bexanes, 

15 filtered^ and waslied (3 x hexanes) to give 40.53 g (133.3 mmol, 91%) of the product as 
yeUow aystals: mp = 74-75 "C; [afo = +152.6° (c = 1 .03, MeOH); IR (KBr) 3116, 
2972, 2855, 1586, 1482, 1443, 1329, 1315, 1239, 1205, 1129, 1074, 1007. 897, 844, 773, 
739, 650 cm-1; 'H NMR (CDCI3, 400 MHz) 5 8.10 (s. 1 H), 7.21 (m, 1 H), 7.17 (m, 1 H), 
4.80 (m, 1 H), 4.48 (m. 1 H), 4.02 (dd, J = 3.7, 1 1.7 Hz, 1 H), 3.80 (d, J = 1 1.7 Hz. 1 H), 

20 3.68 (dd. J = 3.3, 1 1.7 Hz, 1 H). 3.52 (ddd, J = 2.9, 1 1.7, 12.1 Hz, 1 H), 3.36 (ddd, J = 3.7, 
12.9, 13.5 Hz, 1 H), 2.53 (s, 3 H), 1.38 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 305.1 (100, 
M+H+). AnaL Found for C„H„NA: C, 51.31; H, 5.30; N, 27.62. Found: C, 51.47; H, 
5.30; N. 27.79. 



5 




9 



1 



26.S 



2-(3S-3-metfayImorpbolino)-4-<imidazol-l-yI)-6-methyl-5- 
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NO2 W NO2 w 



Componnd 1 • ThSO^ salt, (2-(3S*3-methyImorphoiino)-4- 
(imidazol-l-yI)-6-methyl-S-nitropyrlmidine benzenesulfonate). A 250 mL flask was 
5 charged with 1 (39.88 g, 131.1 mmol, 1.0 equiv.) and 100 mL EtOH under Nj. The 

suspension was heated to 50 until everything dissolved. Benzenesulfonic acid hydrate 
(20.81 g, 131.1 mmol, 1.0 equiv.) was added via spatula, and additional EtOH was used 
to wash the all of the solids into the flask (5 mL). Hexane (20 mL) was added to the 
solution, which was then stiired npidly for 5 min. Crystals began to fonn within the first 

10 5 min after stirring was stopped, and the flask was allowed to cool to rt overnight. The 
crystals which formed overnight were filtered and washed (5 x 50 mL EtOH) to give the 
product besylate salt 5 1 .988 g (11 2.4 mmol, 86%): Yellow crystals mp 1 84.5 °C; [a]\ 
= +115.6^ (c = LOO, MeOH); IR (KBr) 3442, 3129, 2985, 2862, 1597, 1546, 1529, 1490, 
1443, 1317. 1231, 1 182, 1123, 1072, 1014, 892, 846, 786, 727, 612,564 cm~l; NMR 

15 (400 MHz, CD3OD) 5 9.52 (s, 1 H), 7.93 (s, 1 H), 7.81 (m, 2 H), 7.42 (s, 1 H), 7.44-7.37 
(m, 3 H), 4.94 (m, 0.5 H), 4.74 (m, 0.5 H), 4.62 (m, 0.5 H), 4.62 (m, 0.5 H), 4.01 (m, 1 
H), 3.79 (m, l.H), 3.67 (dd, J = 3.3, 11.8 Hz, 1 H), 3.53 (ddd, J = 2.8, 11.3, 12.3 Hz, 1 H), 
3.42 (ddd, J = 3.6, 12,8, 13.2 Hz, I H), 2.68 (s, 3 H), 136 (d, J = 6.9 Hz, 3 H). AnaL 
CalcdforC,3H,eNA'QH,03S: C, 49.34; H, 4,79; N. 18.17; S, 6.92. Found: G, 49.30; 

20 H, 4.75; N, 18.22; S. 6.97. 



O. c°). 

NOj W NO2 W 
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26.10 Compound 1* p-MePhSO, salt, (2-(3S-3-inetbyImorpholinoH- 
(iniidazol-l»yl)-6-iiiethyl-5-Ditropyriinidiiie p-toluenesulfonate). A 25 mL flask was 
charged with 822 mg 1 (2.70 mmol, 1.0 equiv.) and 3 niL CH2CI2, followed by the 
addition of S 14 mg (2.70 mmol, 1 .0 equiv.) p-toluenesulfonic acid mono hydrate. 1 .S mL 
5 hexanes was added and the clear solution was allowed to sit overnight. Hie solution was 
then concentrated under reduced pressure and taken up in 3 mL EtOAc whereupon a 
yellow solid precipitated out. The yellow solid was filt^ed, and washed (3 x 1:1 
hexanes:EtOAc) to give 1.202 g. The yellow solid was recrystallized from 5:1 
CHCl3:hexanes to give 1.078 g of product (2.26 mmol, 84%) salt after filtration and 

10 washing (2x1:1 caiQa-hexanes): mp 168-1 69 **C; [dW = +104.9^ (c = 1.05, MeOH); IR 
(KBr) 3128, 2981, 2858, 1595, 1544, 1526, 1442, 1317, 1227, 1184, 1123, 1030, 1007, 
683, 562 cm-1; *H NMR (400 MHz, CD3OD) S 9.53 (s, 1 H), 7.94 (m, 1 H), 7.74 (m, 1 
H), 7.69 (d, J = 8.4 Hz, 2 H), 7,21 (d, J = 8.4 Hz, 2 H), 4.94 (m, 0^5 H), 4.75 (m, 0.5 H), 
4.62 (m, 0.5 H), 4.41 (m, 0.5 H), 3.99 (m, 1 H), 3.80 (m, 1 H), 3.67 (dd, J = 2.9, 1 1 .7 Hz, 

15 1 H), 3.53 (ddd, J = 2.6, 11.7, 12.1 Hz, 1 H), 3.41 (ddd, J = 3.7, 12.5, 13.6 Hz, 1 H), 2.68 
(s, 3 H), 2.36 (s, 3 H), 1.37 (d, J = 7.0 Hz, 1 H). Anal. Calcd for C,3H,^,0fi- C7He03S: C, 
50.41; H, 5.08; N, 17.64; S, 6,73. Found: C, 49.88; H, 4.75; N, 18.23; S, 6.91. 

All publications and patent applications cited in this specification are herein 
incoiporated by reference as if each individual publication or patent application were 

20 specifically and individually indicated to be incorporated by reference. Although the 

foregoing invention has been described in some detail by way of illustration and example 
for puiposes of clarity of understanding, it will be readily apparent to those of ordinary 
skill in the art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without dqsarting from the sphit or scope of the 

25 appended claims. 
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WHAT IS CLAIMED IS: 

1 1 . A method of treating or preventing a disease associated with CMV 

2 infection, comprising 

3 administ^g to a subject in need thereof a therapeutically effective amount 

4 of a compound of fomiula (I): 



R'v ^ ^ 2 
Y N^r2 



7 wherein 

8 X is a member selected from the group consisting of -NR^K*, -OR^, -SR^ aryl, 

9 alkyl and arylalkyl; 

10 Y is a member selected from the group consisting of a covalent bond, -N(R^-, 

1 1 -0-, -S-, -C(=0)- and alkylene; 

12 R' and R' are members independently selected 6om the group consisting of 

13 . hydrogen, alkyl, -O-alkyl, -S-alkyl, aiyl, aiylalkyl, -O-aryl, -S-aryl, -NOj, -NR'^R*, - 

14 C(0)R^ ^CO,E}\ .C(0)NR^* -N(R')C(0)R', -NCR'jCO^R", -N(R')C(0)NR^«, 

15 .S(0)JsTl^\ -S(0)^^ -CN, halogen, and -N(R')S(0)Jl"; 

16 and R"* are members independently selected &om the group consisting of 

17 hydrogen, alkyl, aiyl and arylalkyl, or combined to form a 5-, 6- or 7-membered ring 

18 containing from one to three heteroatoms in the ring; 

19 R* is a member selected from the group consisting alkyl, aiyl, arylalkyl and 

20 bicyclic fused aiyl-cycloalkyl; 

21 R^ is a member selected from the group consisting of hydrogen, alkyl, aryl 

22 and arylalkyl; or is combined with R^ and the nitrogen atom to which R* and R^ are 

23 attached to form a 5-, 6-, 7- or 8-membered ring; 

24 R^ and R' are members independently selected from the group consisting of 

25 hydrogen, aDcyl, aiyl and aiylalkyl, or, combined to form a 4-, 5-, 6-, 7- or 8-membered 

26 ring containing from one to three heteroatoms in the ring; 
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27 and are membos indq)^dently selected fix>m the group consisting of 

28 hydrogen, alkyl, aryl and aiylalkyl; 

29 R" is a member selected from the group consisting of alkyl, aiyl and 

30 aiylalkyl; 

31 in is an integ^ of from 1 to 2; 

32 n is an integer of fix>m 1 to 3; and 

33 optionally, a 5-, 6-, 7- or 8-member ring is formed by joining R' to R', R* to 

34 R^ R' to N^ R' to N\ R* to N', or to 

35 witb the proviso that when Y is a bond, then R' is other than an imidazole 

36 ring. 

1 2. The method of Claim 1 , wherein R' is selected from the group 

2 consisting of -NOj, .S(0)jm'R*, -S(OX,R', -CN, fluoroalkyl, -C(0)R^ -COjR" and 

3 -C(0)NR''R' and R^ is selected 6om the group consisting of hydrogen, alkyl, -0-alkyl, 

4 -S-alkyl, aryl, arylalkyl, -O-aryl and -S-aiyl . 

1 3. The method of Claim 1, wherein X is -NR^R^, Y is selected from the 

2 group consisting of -N(R^)-, -O- and -S-, R' is selected from the group consisting of 

3 -C(0)R', -C(0)NR'R^ -S(OXR^ -S(0)J^'R«, -CO^R^^ -CN, fluoroalkyl and -NO^, and 

4 R^ is a member selected from the group consisting of hydrogen, alkyl, -Oalkyl and 

5 halogen. 

1 4. The method of Claim 1, wherein R' is selected from the group 

2 consisting of -CFj, -S(0)JNR'R', -CO^R", -CN and -NOj, and R* is selected from the 

3 group consisting of hydrogen, (lower)alkyl, -0-^ower)alkyl and •S-(lower)alkyI. 

1 5. The method of Claim 1, wherein Y is -N(R*)- or -0-, R' is -NOj, and R* 

2 is hydrogen or (Cj-CJalkyl. 

1 6. The method of Claim 1, wherein R' is joined to R^ to form a 5- 

2 membered ring, together with the nitrogen to which both radicals are attached! 

1 7. The method of Claim 6, wherein said S-membo-ed ring contains two 

2 nitrogen atoms. 
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1 8. 

2 ring. 
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The method of Gaim 7, wherein said S-membered ring is an imidazole 



1 9. The method of Qaim 1 , wherein Y is -N(R*)-, in which R* is hydrogen 

2 or lower alkyl, and is a member selected from the group consisting of alkyl, aryl, 

3 arylalkyl and bicyclic fused aryl-cycloalkyl. 

1 10. The method of Qaim 1 , wherein is selected from the group 

2 consisting of cycloalkyl, heteroc3rcloalkyl, aiyl, aiylalkyl and bicyclic frised aryl- 

3 cycloall^l, R^ is selected torn the group consisting of hydrogen, methyl, ethyl and 

4 propyl, and -NR^R^ is selected from the group consisting of imidazol-l-yl, 2- 

5 methylimidazoH yl, 2-ethylimida2ol-l-yI, 2-(l-propyl)imida2oH-yl and 

6 2-(2-propyl)iniida2ol- 1 -yL 

1 11. The method of Qaim 1, wherein R* is selected from the group 

2 consisting of hydrogen, methyl and ethyU -NR^R* is selected from the group consisting of 

3 imidazol-l-yl, 2-methylimidazol-lyl, 2,4-dimethylimidazoH-yl and 2-ethyliniidazol-l- 

4 yl, and R^ is an optionally substituted radical selected from the group consisting of 
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12. The method of Claim 1, wherein is a member selected from the 
group consisting of: 
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1 3. The method of Claim 1, said compound having the fonnula: 

2 A 

3 wherem 

4 is a member selected from the group consisting of hydrogen, mediyl and 

5 eOiyl; and 

6 is a member selected from the povtp consisting of: 





7 F 
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1 14. The method of Claim 13, wherein is methyl. 

2 F 

1 IS. The method of Claim 1 , said compound having the formula: wherein 

2 R" is selected from the group consisting of hydrogen, methyl and ethyl; and 

3 R^ and R^ are combined with the nitrogen atom to which R^ and R^ are 

4 attached to form a heterocycloalkyl ring. 

1 1 6. The method of Claim 1 said compound having the formula: 



2 




3 wherein 

4 R" is selected from the group consisting of hydrogen, methyl and ethyl; and 

5 R^ and R*^ are combined with the nitrogen atom to which R^ and R^ are 

6 attached to form a heterocycloalkyl ring. 

1 17. The method ofClaim 16, wherein said heterocycloalkyl ring is selected 

2 from the group consisting of substituted or unsubstituted 1-piperidinyl, substituted or 

3 unsubstituted 4-morpholinyl and substituted or unsubstituted l-pyrrolidinjd. 

1 18. The method of Claim 16 wherein R" is hydrogen and R' and R* are 

2 combined with the nitrogen atom to which R' and R^ are attached to form a substituted or 

3 unsubstituted 4-morpholinyI. 

1 1 9. The method of Claim 1 8, wherein R^ and R^ are combined with the 

2 nitrogen atom to which R^ and R* are attached to form a monosubstituted 4-morpholinyl, 

3 said substituent being selected from the group consisting of (Ci-CJalkyL 
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1 20. The method of Gaim 1 9, wherein said compound is selected from the 

2 group consisting of 



3 M e u 

1 21. The method of Claim 1, wherein said disease associated with CMV 

2 infection is cardiovascular disease. 

1 22. The method of Claim 21 wherein said cardiovascular disease is selected 

2 from the group consisting of atiierosclerosis and restenosis. 

1 23. The method of Claim 21, wherein said compoimd is administered in 

2 combination with a therapeutically effective amount of an agent selected from the group 

3 consisting of an antiviral agent, an agent used to treat atherosclerosis and an agent used to 

4 treat restenosis. 

1 24. The method of Claim 23, wherein said antiviral agent is selected from 

2 the group consisting of ganciclovir, valganciclovir, acyclovir, foscamet, cidofovir and 

3 fomivirsen. 

1 25. The method of Claim 1 , wherein said disease associated with CMV 

2 infection is organ transplant rejection or a pathology associated with organ 

3 transplantation. 

1 26. The method of Claim 25, wherein said organ transplant rejection is 

2 selected from the group consisting of allograft rejection and xenograft rejection. 

1 27. The method of Claim 25, wherein said compound is administered in 

2 combination with an inununosuppressant agent. 

1 28. The method of Claim 1 , wherein said administering is oral. 
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1 29. The method ofClaiml, wherein said administering is topical. 

1 30. The method of Claim 1 , wherein said administmng is parenteral 

1 3 1 . A method of treating a disease selected from the group consisting of 

2 cardiovascular disease, organ transplant rejection, organ transplant-associated 

3 atherosclerosis and a pathology associated with organ transplantation, comprising 

4 administering to a subject in need thereof a therapeutically effective amount 

5 of a compound of formula (I): 

A A 2 

7 I 

8 wherein 

9 X is a member selected from the group consisting of -NR^R^ •0R^ -SR^ aiyl, 

10 alkyi and arylalkyl; 

11 Y is a memb^ selected from the group consisting of a covalent bond, -N(R^, 

12 -S-, -C(=0> and alkylene; 

13 and are members independently selected from the group consisting of 

14 hydrogen, alkyl, -0-alkyl, -S-alkyl, aryl, arylalkyl, -O-aryl, -S-aiyl, -NO^, -NR'R", - 

15 C(0)R^ -CO^K'^ -C(0)NR'R' -N(R^)C(0)R^ -N(R')C02R*', -N(R^C(0)NR'R', 

16 -S(0)J^'R^ -S(0)X, -CN, halogen, and •N(R^S(0)JI"; 

17 R^ and R* are members independently selected from the group consisting of 

18 hydrogen, alkyl, aryl and arylalkyl, or combined to form a 5-, 6- or 7-membered ring 

19 containing from one to three heteroatoms in the ring; 

20 R^ is a member selected from the group consisting alkyl, aryl, arylalkyl and 

21 bicyclic fused aryl-cycloalkyl; 

22 R^ is a member selected from the group consisting of hydrogen, alkyl, aryl 

23 and aiylalkyl; or is combined widi R^ and the nitrogen atom to which R^ and R^ are 

24 attached to form a 6-, 7- or 8*membered ring; 



93 



wo 02/064096 PCT/US02/04920 

25 and R' are members independently selected from the group consisting of 

26 hydrogen, alk>'I, aiyl and aiylalkyl, or, combined to form a 4-, 5-, 6-, 7- or 8-membered 

27 ring containing from one to three heteroatoms in the rin^ 

28 R' and R'° are members independently selected from the group consisting of 

29 hydrogen, alkyi, aiyl and aiylalkyl; 

30 R" is a member selected from the group consisting of alkyl, aryl and 

31 aiylalkyl; 

32 m is an integer of from 1 to 2; 

33 nisanintegeroffroml to3;and 

34 optionally, a 5-, 6-, 7- or 8-memb«- ring is formed by joining R* to R^ R' to 

35 R^ R^ to N^, R^ to N^ R' to N\ or R* to N"; 

36 with the proviso that when Y is a bond, then R* is other than an imidazole 

37 ring. 

1 32. The method of Claim 3 1 , wherein R' is selected from the group 

2 consisting of -NOj, -S(0) J^R'R*, -S(0)X -CN, fluoroalkyl, -C(0)R^ -CO^R*^ and 

3 -C{0)NR'R' and R^ is selected from the group consisting of hydrogm, alkyl, -0-alkyl, 

4 -S-aDcyl, aryl, aiylalkyl, -O-aiyl and -S-aiyl . 

1 33. The method of Claim 31, wherein X is .NR^R^ Y is selected from the 

2 group consisting of -N(R*^-, -O- and -S-, R' is selected from the group consisting of 

3 -C{0)R^ -C(0)NR■'R^ -S(0)X> .S(0)„NR'RS 'C0^R'\ -CN, fluoroalkyl and -NO^, and 

4 is a member selected fix)m the group consisting of hydrogen, alkyl, -0-alkyl and 

5 halogen. 

1 34. The method of Claim 31, wherein R* is selected from the groiq) 

2 consisting of -CF3, -S(0) jsjR'R', -CO^R", -CN and -NO2, and R* is selected from the 

3 group consisting of hydrogen, (lower)alkyl, -0-(lower)alkyl and -S-(lower)alkyI. 

1 35 . The method of Claim 3 1 , wherein Y is -N(R*)- or R' is -NOj, and 

2 R^ is hydrogen or (C,-C4)alkyl. 

1 36. The method of Claim 31, wherein R^ is joined to R^ to form a 5- 

2 membered ring, together with the nitrogen to which both radicals are attached. 
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1 37. The method of Claim 36, wherein said 5-membered ling contains two 

2 nitrogen atoms. 

1 38. The method of Claim 37, wh^ein said 5-membered ring is an imidazole 

2 ring. 

1 39. The method of Claim 31, wherein Y is -N(R*)-, in which is hydrogen 

2 or lower alkyl, and is a member selected from the group consisting of alkyl, aiyl, 

3 arylalkyl and bicyclic fiised aryl-cycloalkyl. 

1 40. The method of Gaim 3 1 , wherein is selected from the group 



2 consisting of cycloalkyi, heterocycloalkyl, aiyl, arylalkyl and bicyclic fused aiyl- . 

3 cycloalkyi, R^ is selected from the group consisting of hydrog^ methyl, ethyl and 

4 propyl, and -NR^R* is selected from the group consisting of imidazol-l-yl, 2- 

5 methylimidazol-lyl, 2-ethylimidazoI-l-yl, 2-(l -propyl)in[iidazol-l-yl and 

6 2-(2-propyl)imida2oH-yL 

1 41. The method of Claim 3 1 , wherein R* is selected from the group 

2 consisting of hydrogen, methyl and ethyl, -NR'R^ is selected from the group consisting of 

3 iniidazol-l-yl, 2-methylimidazoHyl, 2,4-dimethylimida2oH-yl and 2-cthylimidazol-l- 

4 yl, and R' is an optionally substituted radical selected from the group consisting of 
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1 42. The method of Claim 31, wherein is a member selected from the 

2 group consisting of: 
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■ CC ■ CC ■ Q-K 

""^OCH, ^^^"^ ^^CH,CH, 

43. The method of Gaim 3 1» said compound having the formula: 



NO2 



2 A 

3 wherein 

4 R" is a member selected firom the group consisting of hydrogen, methyl and 

5 ethyl; and 

6 is a memb^ selected from the group consisting of: 
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OH 



6^. 6^^ 



and 




1 44. The method of Qaim 43, wherein R" is methyl. 

1 45. The method of Claim 1, said co]iq)omid having the formula: 

2 A« 

3 wherein 

4 R" is selected from the group consisting of hydrogen, methyl and ethyl; and 

5 R^ and R* are combined with the nitrogen atom to which R^ and R* are 

6 attached to form a heterocycloalkyl ring. 

1 46. The method of Claim 45, said compound having the fomiula: 

-N 



.A; 



N N CH3 



3 wherein 

4 R*^ is selected from the group consisting of hydrogen, methyl and ethyl; and 

5 R' and R^ are combined with the nitrogen atom to which R^ and R^ are 

6 attadied to form a heterocycloalkyl ring. 
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1 47. TTie method of Qaim 46, wherein said heterocycloalkyl ring is selected 

2 from the group consisting of substituted or xinsubstituted 1 -piperidinyl, substituted or 

3 unsubstituted 4-morpholinyl and substituted or unsubstituted l-pyrrolidinyl. 

1 48. The method of Claim 46 wh^ein R'' is hydrogen and R' and R^ are 

2 combined with the nitrogen atom to which R^ and R' are attached to form a substituted or 

3 unsubstituted 4-morpholinyL 

1 49. The method of Claim 48, wherein R" is hydrogen, R* and R^ are 

2 combined with the nitrogen atom to which R^ and R^ are attached to form a 

3 monosubstituted 4-morpholinyl, said substituent being selected from the group consisting 

4 .of(C,-CJalkyl. 

1 50. The method of Claim 49, wherein said compound is selected from the 

2 group consisting of 

Q Q 

N , PhSOgH ^ • p-MePhS03H 

3 ^ ^ 

1 51. The method of Claim 3 1 » wherein said compound is administered in 

2 combination with a therapeutically effective amount of an agent selected from the group 

3 consisting of an antiviral agent, an agent used to treat atherosclerosis and an agent used to 

4 treat restenosis. 

1 52. The method of Claim 5 1 , wherein said antiviral agent is selected from 

2 the group consisting of ganciclovir, valganciclovir, acyclovir, foscamet, cidofovir and 

3 fomivirsen. 

1 53 . The method of Claim 3 1 , wherein said compound is administered in 

2 combination with an immunosuppressant agent. 
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1 54. The method of Claim 3 1 , wherein said disease is organ transplant 

2 rejection is selected from the group consisting of allograft rejection and xenograft 

3 rejection. 

55. The method of Claim 3 1 , wherein said administering is oral. 

56. The method of Claim 31 , wherem said administering is topical. 

57. The method of Claim 3 1 » wherein said administering is parenteral. 

58. The method of Claim 31 , wherein said disease is a cardiovascular 
disease selected from the group consisting of atfaersclerosis or restenosis. 

59. The method of Claim 3 1 , wherem said disease is organ transplant- 
2 associated atherosclerosis. 
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METHODS OF USING PYRIMIDINE-BASED ANTIVIRAL AGENTS 
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5 filed 02/16/01 and is related to U.S. Application Serial No. 09/757,291, filed January 8, 
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10 

FIELD OF THE INVENTION 
The field of the invention relates to methods of using substituted pyrimidine 
compounds to treat and suppress diseases associated with human cytomegalovirus 
infection. The subject methods are particularly usefiil in treating and suppressing 
1 5 cardiovascular disease and organ transplant rejection associated with human 
cytomegalovirus infection. 

BACKGROUl>n) OF THE INVENTION 
Cytomegalovirus (CMV) is a member of the heipes virus family. Other well- 

20 known members of the herpes virus family include, for example, beipes simplex virus, 
types I and II, Epstem-Barr virus and varicella zoster virus. These viruses are related 
taxonomically, but each manifests in a clinically distinct manner. In the case of CMV, 
medical conditions arising fi-om congenital infection include jaundice, respiratory distress 
and convulsive seizures which may result in mental retardation, neurologic disability or 

25 death. Infection in adults is fi-equcntly asymptomatic, but may manifest as 

mononucleosis, hepatitis, pneumonitis or retinitis, particularly in immunocompromised 
patients such as AIDS sufferers, chemotherapy patients, and organ transplant patients 
undergoing tissue rejection therapy. 

A variety of drugs have been developed to treat heipes virus infections, 

30 including naturally occurring proteins and synthetic nucleoside analogs. For example, the . 
natural antiviral protein interferon has been used in (he treatment of herpes virus 
infections, as have the nucleoside analogs cytosine-arabinoslde, adenine-arabinoside. 
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iodoxyuridine and acyclovir, which is presently the treatment of choice for heipes 
simplex type II infection. 

Unfortunately, drugs such as acyclovir that have proven sufficiently effective 
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20 



25 



to treat infection by certain herpes viruses are not sufficiently effective to treat CMV. 
Additionally, drugs currently used to treat CMV mfection, such as 9-{(l,3-dihydroxy-2. 
propoxy)methyl)guanidine (ganciclovir, DHPG), which inhibits viral DNA synthesis, 
phosphonofomiic acid (foscamet), cidofovir and the antisense agent fomivirsen, lack the 
acceptable side effect and safety profiles of the drugs approved for treatment of other 
herpes viruses. Moreover, such drugs are ineffective to treat certain strains of CMV that 
have acquired drug resistance. Thus, despite advances in tiie development of anti-heipes 
virus drugs, there remains a need for therapeutic agents effective in treating CMV 
infection witii an increased safety margin. 

SUMMARY OF TBE INVENTION 

The present invention provides methods of using substituted pyrimidine 
compounds and compositions for treating or preventing diseases, particularly diseases 
associated with CMV infection. In particular, the present invention provides methods for 
treating or preventing cardiovascular disease, including, but not limited to, atherosclerosis 
and restenosis, and organ transplant rejection associated with CMV infection. 

U.S. Application Serial No. 09/249,641 and PCT Publication No. 
W099/41253 describe pyrimidine derivatives for the treatment of viral infections, and 
U.S. Application Serial No. 60/176,000 describes certain salts of pyrimidine derivatives 
which have properties suitable for clinical use for the treatment of viral infections. The 
present invention contemplates the use of these and other pyrimidine derivatives in the 
described methods. 



I 

in which X represents -NR^R*, -0R\ -SR', aiyl, alkyl or arylalkyl. The letter Y represents 
a covalent bond, -N(R% -S-, -C(=0)- or an alkylene group. R' and R* are 



The compounds of the invention have the general formula 0): 
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mdq)endently selected from hydrogen, aDcyl, -0-aIkyl, -S-aDcyl, aiyl, arylalkyl, -Oaiyl, - 
S-aiyl, -NOj, -^IR'R^ -C(0)R^ -CO^R'", -C(0)NRni« -N(R')C(0)R', -N(R')COjR", 
-N(R0C(O)NR'R^ .S(0)J^'R^ -8(0)^, -CN, halogen, and -N(R^)S(0) Jl". The 
groups R' and R* are independently selected from hydrogen, alkyl, aryl or aiylalkyl, or, 
5 when X is -NR'R\ and R* are combined to form a 5-, 6- or 7-membered aromatic or 
nonaromatic ring containing Srom one to three heteroatoms in the ring. R^ and R^ are 
independently hydrogen, alkyl, aiyl or aiylaDcyl. R^ and R' are each mdependently 
hydrogen, alkyl, aryl or arylalkyl, or, when attached to the same nitrogen atom can be 
combined with the nitrogen atom to foim a 4-, 5-, 6- , 7- or 8-membered ring containing 

1 0 from one to three heteroatoms in the ring. R* and R'** are independently selected from 
hydrogen, alkyl, aiyl and aiylalkyl. R" is selected from alkyl, aryl and aiylalkyl: The 
subscript m is an integer of from 1 to 2 and the subscript n is an integer of from 1 to 3. 

In addition to the above descriptions of R^ to R", the formula above is meant 
to represent a number of compounds in which a second ring is frised to the pyrimidine 

15 ring. For example, R* can be joined to R^ R' can be joined to R^ R^ can be joined to 
N^(thc nitrogen atom at the 3-position of the pyrimidine ring), R^ can be joined to >f , R* 
can be joined to N'(the nitrogen atom at the 1-position of the pyrimidine ring) or R^ can 
be joined to to form a fused 5-, 6-, or 7-membered ring. 

Unless otherwise indicated, the compounds provided in the above formula are 

20 meant to include phannaceutically acceptable salts and prodrugs thereof 

Other objects, features and advantages of the present invention will become 
apparent to those skilled in the art from the following description and claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 Figure 1 provides the structures of exemplary compotmds of formula Ila. 

Figure 2 provides the structures of exemplary compounds of formula lib. 
Figure 3 provides the structures of exemplary compounds of formula He. 
Figure 4 provides the structures of exemplary compoimds of formula Ild. 
Figure 5 provides the structures of exemplary compounds of formula lie, 
30 Figure 6 provides the structures of exemplary compounds of formula Iff. 

Figures 7-16 provide synthesis schemes for exemplaiy compounds of 
formulae Ila-IIf and also selected transformations for fimctional groups present on the 
compounds. 
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Figure 17 provides the structures of compounds used in radiolabeling studies. 

Figure 1 8 shows the binding of radiolabeled compounds to viral specific 
protein. Tritiated compounds bind covalently to a 110-kD viral specific protein that 
appears at 48 h post infection. Phosphoimager generated images of radiolabeled infected 
5 ceU proteins separated by SDS polyacrylamide gel electrophoresis are shown. Panel A: 
Time course analysis (24-96 h) of radiolabeled proteins fi-om HCMV infected or 
uninfected cells in the presence of 0.1 ^lMCH)-d. Panel B: Pattern of radiolabeling in 
uninfected (UI) cells and in cells infected for 72 h with HCMV (I) and treated with cither 
0.01 ^iM CH)-d or 0.02 jiM CH)-17. Protein X, the 1 10-kD viral specific protein, is 
10 indicated by the arrows. Panel C: Pattern ofradiolabelingofcytoplasmic and nuclear 
extracts prepared from HFF ceUs infected for 96 h with wild type HCMV (rHCMVLUC) 
and labeled with either 0.5 \M CH)-d or 0.5 pM ^H)-2S.3. Vaiying amounts (5-50 jiL) 
of the CH)-d labeled or M (^-25.3 labeled extracts were analyzed. X and the arrow 
indicate protein X, the 1 1 0-kD viral specific protein. 

15 Figure 19 shows the reaction of UL70 peptide antibodies with viral specific 

protein. Protein X, the molecular target of CH)-d is a viral specific nuclear protein that is 
immimoprecipitated with antibodies to UL70 and UL105. Panel A: A phosphoimager 
generated image of a Western blot with antiserum generated to a 30-amino acid peptide 
from the predicted amino acid sequence of the UL70 open reading frame. Extracts from 

20 High Five cells infected with a control baculovirus (control lysate) or baculovirus 

expressing the CMV UL70 protein lacking the first N-terminal 100 amino acids (ANUL70 
lysate) were subjected to SDS polyaciylamide electrophoresis in 4-20% gradient gels. 
The gel-separated proteins were then transfcnred to nitrocellulose and probed with either 
preimmune serum (Panel 1) or antiserum raised to the UL70 peptide (Panel 2). At a 

25 1:10,000 dilution of UL70 antiserum (Panel 2), a strong signal at about 85 kD was 

observed only in extracts from cells infected wifli baculovirus that expresses the truncated 
UL70 protein (Ab, antibody). Panel B: Uninfected cells and cells infected with. 
rHCMVLUC at an MOI of 5 pfii/cell for 72 h were treated with ('H)-d. Extracts from 
theses ceUs were subjected to SDS polyacrylamide electrophoresis in 4-20% gradi^t 

30 gels. The gel-separated proteins were then transferred to nitrocellulose, exposed to Fuji 
- tritium detection plates, and analyzed with a phosphoimager. A CH)-d labeled, 1 10-kD 
protein (protein X), was detected by phosphoiraaging and is shown in Panel 2. The same 
filter was then probed with UL70 antiserum, and the Western blot is shown in Panel 1. 
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IJL70 can be detected in infected cells, and the UL70 antibody signal comigrates exactly 
with the CH)-d labeled, 1 10-kD viral specific protein X (Ab, antibody). Panel C: 
Phosphoimager generated image of cytoplasmic and nuclear extracts prepared fi^om HFF 
cells infected with wild type H(:MV(rHClsm.UQ Varying 
5 amounts (5-60pL) of the (^H)-d labeled extracts were subjected to SDS polyacrylamide 
gel electrophoresis in 10% gels. The gel-separated proteins were transferred too 
nitrocellulose filters and exposed to Fuji plates for the detection of tritium. Panel 1 shows 
a titration of the cytoplasmic extract firom 8 x 10^ HFF cells; Panel 2 shows a titration of 
the corresponding nuclear extract firom the same 8 x 10^ cells. A single nuclear specific 
10 CH)'d labeled protein is detected at 1 10 kD (Panel 2); Panel 3 (IPs) shows 

phosphoimager generated images of the same nuclear extracts shown in Panel 2 
immunoprecipitated with UL70 specific antibodies (70ab), ULIOS specific antibodies 
(1 05ab) or UL70 preimmune serum (pis). The arrow identifies the protein X (IJL70 
prima5e)at llOkD. 

15 Figure 20 shows the amino acid sequence of the Towne strain (HCMV) UL70 

open reading firame showing the three point mutations identified in 1 -resistant virus. The 
positions and nature of the point mutations contained in the IJL70 protein of the 1- 
resistant virus are indicated. The virxis contains three single base pair mutations. Valine 
5 1 1 is mutated to isoleucine by a G to A change at the first base of the codon. Proline 

20 571 is mutated to a serine by a C to A change at the first base of the codon. Isoleucine 
692 is mutated to a phenylalanine by an A to T change at the first base of the codon. The 
boxed regions indicate the five domains in herpesvirus primases. The asterisk at residue 
570 Indicates a cj'steine residue that is a potential site of covalent modification by the 



drug. 



25 



DETAILED DESCMPTION OF THE INVENTION 



Abbreviations and Definitions 



The abbreviations used herein are conventional, unless otherwise defined. 
The terms "treat", "treating** and "treatm^it" rtfet to a method of 
30 alleviating or abrogating a disease and/or its attendant symptoms. 
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The tenns "prevMit**, "preventing" and "prevention" refer to a method of 
baning a subject from acquiring a disease. As used h^ein, "prevent", "preventing" and 
"prevention" also include reducing a subject's risk of acquiring a disease. 

The term " disease associated with CMV infection" is meant to include any 

5 disease, disorder, dysfunction and the like, in which CMV infection contributes, directly 
or indirectly, to the pathogenesis thereof. For example, CMV infection may produce 
immunologic responses that cause oidothelial injury and precipitate atherogenesis. 
Exemplary diseases associated with CMV infection include, but are not limited to, 
cardiovascular disease, such as atherosclerosis and restenosis, organ transplant associated 

1 0 atherosclerosis and organ transplant rejection. 

The term "CMV infection" refers to the invasion and rq)lication of 
cytomegalovirus (CMV) in cells or tissues. CMV infection may be determined by 
measuring CMV antibody titer in samples of a biological fluid, such as blood, using, eg., 
enzyme inamunoassay. Other suitable diagnostic methods include molecular based 

15 techniques, such as RT-PCR, direct hybrid c£q)ture assay, nucleic acid sequence based 
amplification, and the like. CMV may infect an organ^ eg., kidney, liver, heart, lung, eye 
and brain, and cause, eg., nephritis, hq^atitis, myocarditis, retinitis and encephalitis, 
respectively. 

The term "tiierapeutically effective amount" refers to that amount of the 
20 compoimd being administered sufiGcient to prevent development of or alleviate to some 
extent one or more of the symptoms of the disease being treated. 

"Cardiovascular disease", as used herein, refers disorders of the heart and/or 
blood vessels and includes, but is not limited to, aneurysm, atherosclerosis, 
cardiomyopathy, congestive heart failure, coronary artery disease, hypertension, 
25 ischemia/reperfusion, restenosis and vascular stenosis. Excess lipid accumulation in the 
arterial walls, which forms plaques that inhibit blood flow and promote clot formation, is 
the primary cause of cardiovascular disease. In vascular grafts and transplanted organs, 
cardiovascular disease is oflen accelerated. 

" Organ transplant rejection", as used herein, refers to a process leading to tiie 
30 destruction or detachment of a transplanted organ, such as a heart, kidney, lung, liver, 
pancreas, bowel, bone manow and the like, or a combination thereof^ eg., heart-limg, or 
the destruction or damage of certain host organs. Rejection is caused by reaction of the 
host's immune cells to the transplanted organ(s) or bone marrow as foreign, and/or 



6 



wo 02/064096 PCT/US02/04920 

reaction of the donor's immune cells to the recipient as foreign. Rejection may be acute 
or chronic. The transplanted organ or bone marrow may be an allograft, from a 
genetically non-identical member of the same species, or a xenograft, i.e., from a member 
of different species, a porcine heart valve. 

5 The temi "inummocompromised condition" refers to any condition in which 

the subject has decreased immune fiinction relative to normal. Immunocompromised 
conditions include acquired conditions and hereditary conditions. 

The temi "clectrophilic moiety" refers to a chemical group that is electron 
deficient and is reactive with chemical groups having an excess of electrons, as 

10 commonly understood in the art Exemplary clectrophilic moieties include, but are not 
limited to, isothiocyanate, maleimide, haloacetamide, vinylsulfone, benzylic halide, 
electron-deficient aromatic rings, such as nitro-substituted pyrimidine rings, and the like. 

The temi "modulate" refers to the ability of a compound to increase or 
decrease the catalytic activity of a primase. A modulator preferably activates the catalytic 

15 activity of a primase, more preferably activates or inhibits flie catalytic activity of a 

primase depending on the concentration of ttie compound exposed to the primase, or most 
preferably inhibits the catalytic activity of a primase. 

The tenn "modi^* refers to the act of altering or altering in part, e,g., the 
structure of a molecule, e.g.j a protein. Modification may be covalent or rioncovalent, and 

20 includes, but is not limited to, aggregation, association, substitution, conjugation and/or 
elimination of a chemical group. Modification may alter the fimction or other properties 
(eg., chemical, physical) of (he molecule. 

The term "aDcyl," by itself or as part of another substituent, means, unless 
otherwise stated, a straight or branched chain or cyclic hydrocarbon radical or 

25 combinations thereof, which may be fiilly saturated, mono- or polyunsaturated and can 
include di- and multi-radicals, having the number of carbon atoms designated (z.e. Cj-Cg 
means one to eight carbons). Examples of saturated hydrocarbon radicals include straight 
or branched chain groups such as methyl, ethyl, n-propyl, isopropyl n-butyl, t-butyl, 
isobutyl, sec-butyl, homologs and isomers of; for example, n-pentyl, n-hexyl, n-heptyl, 

30 n-octyl, and the like. Other saturated hydrocarbon radicals include cyclopropylmethyl, 
cyclohexylmethyl and the like. An unsaturated alkyl group is one having one or more 
double bonds or triple bonds. Examples of unsaturated alkyl groups include vinyl, 2- 
propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(l,4-pentadienyl), 
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ethynyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs and isomers. The tenn 
*• alkyl," unless othenvise noted, is also meant to include those derivatives of alkyl 
defined below as heteroalkyl, alkylene, heteroalkylene, cycloalkyl and heterocycloalkyL 
Typically, an alkyl group will have from 1 to 24 caibon atoms, with those groups having 

5 1 0 or fewer carbon atoms being preferred in the present invention. The term " alkylene" 
by itself or as part of another substituent means a divalent radical derived from an aDcane, 
as exemplified by -CHjCHjCHjCHz-. A "Iowa: alkyl" or "lower alkylene" is a shorter 
chain alkyl or alkylene group, generally having eigjit or fewer carbo;i atoms. Unless 
otherwise indicated, the alkyl groups can be unsubstituted or substituted by the 

1 0 substituents indicated below. 

The temi "heteroalkyl," by itself or in combination with another term^ means, 
unless otherwise stated, a stable straigjit or branched chain radical consisting of the stated 
number of carbon atoms and from one to three het^oatoms selected from the groiq) 
consisting of O, N, Si and S, and wherein the nitrogen and sulfur atoms may optionally be 

1 5 oxidized and the nitrogen heteroatom may optionally be quatemized. The heteroatom(s) 
0, N and S may be placed at any interior position of the heteroalkyl group. The 
heteroatom Si may be placed at any position of the heteroalkyl group, including the 
position at which the alkyl group is attached to the remainder of the molecule. Examples 
include -CHa-CHrO-CH3, -CH2-CHrNH-CH3, -CH^-CHa-NCCH^)-^^, -CH^-S-CHj- 

20 CH3, -CHrCH,-S(0)-CH3, ^CH,'ai,^S(p),<:U, , -CH^CH-O-CH,, -Si(CH3)3, -CH,- 
CH=N-OCH3, and -CH=CH-N(CH3)-CH3. Up to two heteroatoms may be consecutive, 
such as, for example, -CH2-NH-OCH3 and -CH2-(>Si(CH3)3. The tenn "heteroalkylene" 
by itself or as part of another substituent means a divalent radical derived fix)m 
heteroalkyl, as exemplified by -CHj-CH^-S-CH^CHj- and -CH^-S-CH^-CH^-NH-CHr. 

25 The temis " cycloalkyl" and " heterocycloalkyl" , by themselves or in 

combination with other terms, represent, unless otherwise stated, cyclic versions of 
"alkyl" and "heteroalkyl", respectively. Examples of cycloalkyl include cyclopentyl, 
cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. Exan^les of 
heterocycloalkyl include l-(l,2,5,64etrahydropyridyl), 1-piperidinyl, 2-piperidinyl, 3- 

30 piperidinyl, 4.morpholinyl, 3-morpholinyl, tetrahydrofiiran-2-yl, tetrahydrofuran-3-yl, 
tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1-piperazinyl, 2-piperazinyl, and flie like. 

The terms "halo" or "halogen," by themselves or as part of another 
substituent, mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. 
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Additionally, tenns such as " fluoroaDcyl " are meant to include monofluoroalkyl and 
polyfluoroalkyL More partic\ilarly, the term " fluoroalkyl" also includes perfluoroalkyl, 
in which each hydrogen present in an alkyl group has been replaced by a fluorine. 

The term "aryl employed alone or in combination with other terms (eg., 

5 aryloxy, arylthioxy, arylalkyl) means, imless othawise stated, an aromatic substituent 
which can be a single ring or multiple rings (up to three rings) which are fused together or 
linked covalently. The rings may each contain from zero to four hcteroatoms selected 
from N, 0, and S, wherein flie nitrogen and sulfiir atoms are optionally oxidized, and the 
nitrogen atom(s) are optionally quatemized. Non-limiting exan^)les of aiyl groins 

10 include phenyl, 1-naphthyl, 2-naphthyl, biphenyl, l-pyrrolyl, 2-pyrroIyl, 3.pyrrolyl, 3- 
pyrazolyl, 2-imida2olyl, 4-imidazolyl, pyrazmyl, 2-oxazolyl, 4-oxazolyl, 5-oxazolyl, 
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3- 
fiiryl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyTimidyl, 4-pyrimidyl, 5- 
benzothiazolyl, purinyl, 2-ben2imidazol5i, 5-indolyI, 1-isoquinolyl, 5-isoquinolyl, 2- 

1 5 quinoxalinyl, S-quinoxalinyl, 3-quinolyl, and 6-quinoIyL Substituents for each of the 
above noted aiyl ring systems are selected from the group of accqstable substituents 
described below. 

As used herein, the term "bicyclic fused aiyl-cycloalkyr refers to those 
groups in which an aiyl ring (or rings) is fused to a cycloalkyl group (including 

20 cyclohctCToalkyl groups). The group can be attached to the remainder of the molecule 
through either an available valence on the aryl portion of the group, or an available 
valence on the cycloalkyl portion of the group. Examples of such bicyclic fused aiyl- 
cycloaDcyl groups are: indanyl, benzotetrahydrofiiranyl, benzotetrahydropyranyl and 
1 ,2,3,4-tetrahydronaphthyl. 

25 Each of the above terras (eg., " alkyl" and " aiyl" and " bicyclic fiised 

aiylrcycloalkyl") will typically include both substituted and unsubstituted forms of the 
indicated radical. Preferred substituents for each type of radical are provided below. In 
the case of radicals containing both aryl (mcluding heteroaryl) and alkyl (including, for 
example, heteroalkyl, cycloalkyl, and cycloheteroalkyl) portions, each of the portions can 

30 be substituted as indicated. 

Substituents for the alkyl groups (including those groups oftiBn referred to as 
alkenyl, heteroalkyl, heteroaDcenyl, alkynyl, cycloalkyl, heterocycloalkyl, cycloalkenyl, 
and heterocycloalkenyl) can be a variety of groups selected from: -OR*, =0, =NR\ 
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=N-OR*, -NR'R", -SR\ -halo, .SiR'R"R'", -OC(0)R\ -COjR\ -CONR'R", 
-OC(0)NR*R", •NR"C(0)R*, -NR"-C(0)-OR*, -NH-C(NHO=NH, -NR'CCNH^hNH, 
.NH-C(NH2)=NR% -S(0)R\ -S(0)2R', -S(0)2NR'R" , -CN and -NO, in a numb^ 
ranging from zero to (2N+1), where N is the total number of caibon atoms in such radical. 
5 R\ R" and R'" each indepwidently refer to a hydrogen or Cl-ClO alkyl group. 

Preferably, a substituted alkyl group will have from one to six indq)endently selected 
substituents. More preferably, a substituted alkyl group will have from one to four 
independently selected substituents. Nevertheless, certain substituted alkyl groups {e.g., 
perfluoroalkyl) will have a foil 2N + 1 substituents (where N is the number of carbon 

10 atoms in a saturated alkyl group). Examples of substituted alkyl groups include: 
-C(0)-CH3, .C(0)CHjOH, ■€Hj-CH(COjH)-NH2 and -Si(CH3)j.CHj.C(0)-NHa. 

Similarly, substituents for the aiyl groups are varied and are selected from: 
-halo, -OR', -OC(0)R', -NR'R", -SR', -R\ -CN, -NO^, -COjR', -CONR'R", 
.OC(0)NR'R", -NR"C(0)R', -NR"-C(0)-OR', .NH-C(NHJ=NH, -NR'C(NH^NH, 

15 .NH-C(NHJ=NR*, -S(0)R', -S(0)jR*, -S(0),NR'R". -N3, -CHCPh)^, perfluoro(C,. 

C4)alkoxy, and perfluoro(C,-C4)alkyl, in a number ranging from zero to the total number 
of open valences on the aromatic ring system; and where R* and R" are indqsradently 
selected from hydrogen, (C,-C8)alkyl, aryl, aryKCj-CJalkyl, and aryloxy-{C,-C4)alkyl. 

Two of the substituents on adjacrat atoms of the aryl ring may optionally be 

20 rq)laced with a substituent of the formula -T-C(0)-(CH2)rU-, wherein T and U are 

independently -NH-, -0-, -CH,- or a single bond, and the subscript s is an integer of from 
0 to 2. Alternatively, two of the substituents on adjacent atoms of the aiyl ring may 
optionally be replaced with a substituent of the formula -A-(CH2)p-B-, wherein A and B 
are indqjendently -CHj-, -0-, -NH-, -S-, -S(0)-, -S(0)2-, -S(0)2NR'- or a smgle bond, and 

25 p is an integer of from 1 to 3^ One or more of the single bonds of the new ring so formed 
may optionally be replaced with a double bond. Alternatively, two of the substituents on 
adjacent atoms of the aryl ring may optionally be replaced with a substituent of the 
formula -{CH^^'Z-iCH^rf where q and r are independently integers of from 1 to 3, and Z 
is -0-, -NR'-, "S(0)-, -S(OV, or -S(0)2NR'-. The substituent R* in -NR'- and 

30 -S(0)2NR'- is selected 60m hydrogen or (Cj-Qalkyl. 

As used herein, the tenn **heteroatom" is meant to include oxygen (O), 
nitrogen (N), sulfor (S) and silicon (Si). 

10 
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The lenn "pharmaceutically acceptable salts" is meant to include salts of the 
active compounds which are prepared with relatively nontoxic acids or bases, dq)ending 
on the particular substituents found on the compounds described herein. Wh«i 
compounds of the present invention contain relatively acidic functionalities, base addition 
5 salts can be obtained by contacting the neutral fona of such conq)ounds with a sufficient 
amount of the desired base, eith^ neat or in a suitable in^ solvent Examples of 
pharmaceutically acceptable base addition salts include sodium, potassium, calcium, 
ammonium, organic amino, or magnesium salt, or a similar salt When compounds of the 
present invention contain relatively basic functionalities, acid addition salts can be 

10 obtained by contacting the neutral fomi of such compounds with a sufficient amount of 
the desired acid, either neat or in a suitable inert solvent Examples of pharmaceutically 
acceptable acid addition salts include those derived from inorganic acids like 
hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric, 
monohydrogenphosphoric, dihydrogei^bosphoric, sulfuric, monohydrogensulfuric, 

1 S hydriodic, or phosphorous acids and the like, as well as the salts derived from relatively 
nontoxic organic acids like acetic, propionic, isobutyric, oxalic, maleic, malonic, benzoic, 
succinic, suberic, fumaric, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic, citric, 
salicylic, tartaric, methanesulfonic, and the like. Also included are salts of amino acids 
such as arginate and the like, and salts of organic acids like glucuronic or galactunoric 

20 acids and the like (see, for example, Berge, et ah (1977) J. Pharm, Sct^ 66:1-19). Certain 
specific compounds of the present invention contain both basic and acidic functionalities 
that allow the compounds to be converted into either base or acid addition salts. 

The neutral forms of the compounds maybe regenerated by contacting the salt 
with a base or acid and isolating the parent compound in the conventional manner. The 

25 parent form of the compound differs from the various salt forms in certain physical 

properties, such as solubility in polar solvents, but otherwise the salts are equivalent to the 
parent form of the compound for the purposes of the present invention. 

In addition to salt forms, the present invention provides compoimds which are 
in a prodrug form. Prodrugs of the compounds described herein are those compounds that 

30 readily undergo chemical changes under physiological conditions to provide the 

compounds of the present invention. Additionally, prodmgs can be converted to the 
compounds of the present invention by chemical or biochemical methods in an ex vivo 
environment. For example, prodrugs can be slowly converted to the conq)ounds of the 
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present invention when placed in a transdennal patch resCTvoir with a suitable enzyme or 
chemical reagent. Prodrugs are often useful because, in some situations, they may be 
easier to administer than the parent drug. They may, for instance, be bioavailable by oral 
administration whereas the parent drug is not. The prodrug may also have improved 

5 solubility in pharmacological compositions over the paroit drag. A wide variety of 

prodrug derivatives are known in the art, such as those that rely on hydrolytic cleavage or 
oxidative activation of the prodmg. An example, without limitation, of a prodrug would 
be a compound of the present invention which is admimst^ed as an ester (the "prodrug*^, 
but then is metabolically hydrolyzed to the carboxylic acid, the active entity. Additional 

1 0 examples include peptidyl derivatives of a compound of the invention. 

Certain compounds of the present invention can exist in unsolvated forms as 
well as solvated fonns, including hydrated forms. In g^eral, fbe solvated forms are 
equivalent to imsolvated forms and are intended to be encompassed within the scope of 
the present invention. 

1 5 Certain compounds of the preset invention possess asymmetric carbon atoms 

(optical centers) or double bonds; the racemates, diastereomers, geometric isomers and 
individual isomers are all intended to be encompassed within the scope of the present 
invention. 

The compounds of the present invention may also contain imnatural 
20 proportions of atomic isotopes at one or more of the atoms that constitute such 

compounds. For example, the compounds may be radiolabeled with radioactive isotopes, 
such as for example tritium ('H), iodine-125 C^l) or carbon-14 (*^C). All isotopic 
variations of the compounds of the present invention, whether radioactive or not, are 
intended to be encompassed within the scope of the present inventiorL 

25 

General 

A number of studies have demonstrated an association between CMV 
infection and the development of cardiovascular disease, in particular, ath^osclerosis and 
restenosis, which share the same pathology of cardiovascular endothelial injury. 
30 Atherosclerosis, or the progressive narrowing and hard^iing of (he arteries over time due 
to injuiy or dysfunction of endothelial and/or smooth muscle cells. In response to such 
injury or dysfunction, lipid accumulation and plaque formation occurs, preceded and 
accompanied by inflammation. The plaques formed can inhibit blood flow and promote 
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clot fonnation, ultimately causing heart attacks, stroke and claudication. Restenosis is the 
re-narrowing and/or hardening of a blood vessel that can develop following a procedure, 
such as balloon angioplasty, aimed at opening the blood vessel. For example, CMV DNA 
has been detected in atherosclerotic lesions (Melnick et ai (1993) Eur. Heart J. 14(Suppl. 

5 K):30-38 and Horvath et al (2000) 1 Clin. Virol 16:17-24) and restenotic lesions (Speff 
et aL (1994) Science 265:391-394 and Zhou et al (1996) New Engl J. Med. 335:624- 
630). Also, there is evidence that human CMV increases modified LDL uptake and 
scavenger receptor mRNA expression in vascular smooth muscle cells (Zhou et al (1996) 
J, Clin. Invest. 98:2129-2138). CMV infection has been shown to increase the neointimal 

10 response to vascular injury without consistent evidence of direct infection of the vascular 
wall (Zhou et al (1999) Circulation 100:1569-1575). More recently, the effects of 
chronic non-vascular CMV infection on the neointimal response to experimental vascular 
injury has been demonstrated (Zhou ei al (2000) Cardiovasc. Res. 45:1019-1025). 

CMV infection has also been associated with graft atherosclerosis and 

15 rejection in transplant recipients (see, e.g., Grattan et al (1989) JAMA 261:3561-3566). 
For example, CMV infection is associated with the development of accelerated 
arteriosclerosis in cardiac allografts (Koskinen et al (1996) Clin. Transplant. 10(6 Pt 
l):487-493); bronchiolitis obliterans in lung allografts (Bando et al (1995) J. TTiorac. 
Cardiovasc. Surg. 110:4-14); hepatic artery thrombosis (Madalosso et al (1998) 

20 Transplantation 66(3):294-297) and transplant renal artery stenosis (Pouria et al (1998) 
Q. J. Med. 91:185-189). Evidence suggests that prevention or therapy of CMV infection 
could increase the chances of graft survival in transplant recipients. 

Embodiments of the Invention 

Compounds 

25 In one aspect, the present invention provides methods of using compounds of 

general fonnula (I): 
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in which X represwits -NR^', -OR', -SR^ aiyl, alkyl or arylalkyL TTie letter Y represents 
a covalent bond, -N(R*)-, -0-, -S-, -C(=0)- or an alkylene radical. Preferably. Y is 
-N(R^)- or -0-, in which R* is as defined below. More preferably, Y is -N(R^. For those 
embodiments in which Y is an alkylene radical, the alkylene radical will typically have 

S from 1 to 8 caibon atoms in the chain, with alkylene groups having from 1 to 3 carbon 
atoms being preferred 

R* and R^ are independently selected from hydrogen, alkyl, -0-alkyl, -S-alkyl, 
aiyl, arylalkyl, -O-aiyl. -S-aiyl, -NOa. -NR^», -C(0)R', ^O^R^ .C(0)NR'R" - 
N(R')C(0)R', -N(R^COjR", -N(R')C(0)NR'R", -S(0)„NR^», -S(Oyl^ -CN. halogen, 

10 or -N(R')S(0) Jl", in which K\ K\ K\ R** and R" are as defined below. 

In one group of preferred embodiments, R' is an electron-wididrawing group 
and R^ is an electron-donating group. Within this group of embodiments, R' is preferably 
-NO„ -8(0) JOR'R", -S(0)Jl', -CN, halogen, fluoroalkyl, -C(0)R^ -CO^R*" or 
. -C(0)NRV. More preferably, R* is -CFj, -NO^ , -CN, -S(0) JJR'R*, or -COaR", with 

15 -NOj bemg the most prefeneA The R^ group is preferably hydrogen, lower alkyl, 

-O-aDcyl, -S-alkyl, aiyl, arylalkyl, -0-aiyl or -S-aiyl. More preferably, R^ will be methyl, 
ethyl, n-propyl, isopropyl, methoxy, ethoxy, propoxy, methoxymethyl, methylthio, 
ethylthio or propylthio. 

In another group of preferred embodiments, R* is an electron-donating group 

20 and R' is an electron-withdrawing group. Within this group of embodiments, R' is 
preferably hydrogen, lower alkyl, -0-alkyl, -S-alkyl, aryl, arylalkyl, -Oaryl or -S-aryl. 
More preferably, R' is methyl, ethyl, n-propyl, isopropyl, methoxy, ethoxy, propoxy, 
methylthio, ethylthio or propylthio. The R^ group is preferably -NOj, -S(0)„NR''R*, - 
S(0)„R', -CN, halogen, fluoroalkyl, -C(0)R^ -CO^R" or -C(0)NR'R'. More preferably, 

25 R^ is -CFj, -NOj , -CN, -S(0)„NR'R' or -COjR*^ with -NOj being the most preferred. 

The groups R^ and R* are independently hydrogen, alkyl, aryl or arylalkyl, or, 
combined to form, a 5-, 6- or 7-membered ring containing from one to teee heteroatoms 
in the ring. In one group of prefOTed embodim^ts, R' and R^ are combined to form a 5- 
or 6-membered ring. The rings defined by R' and R* and the nitrogen atom can be 

30 * saturated, unsaturated or aromatic, and can contain additional heteroatoms. Exanq)les of 
suitable rings include: pyrrolidine, pyrrole, pyrazole, unidazole, imidazoline, thiazoline, 
piperidine, morpholine, and the like. In certain preferred wnbodiments, R' and R* are 
combined to form a 5-raerabered ring containing two nitrogen atoms, preferably an 
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imidazole ring, and most preferably a 2-aIkylimidazole ring or a 5-alkyUmidazole ring. 
Particularly preferred X groups are 2-methylimidazol-lyl, 2,4-dimethylimidazol-lyl, 2- 
ethylimidazoMyl, 2-propyIimida2ol-lyl, 2-isopropylimidazoHyl and 5-methylimida2oI- 
lyl. 

5 The group is an alkyl, aryl, arylalkyl or bicyclic fused aryl-cycloalkyl 

group. Preferred alkyl groups are those having from one to eight carbon atoms, either 
substituted or unsubstituted. Preferred aryl groups include substituted or unsubstituted 
phenyl, pyridyl, or naphthyL Preferred aiylalkyl groups include substituted and 
unsubstituted benzyl, phenethyl, pyridylmethyl and pyridylethyl. Particularly preferred 

10 groups are phenyl, 4-halophenyl, benzyl, n-butyl, propionyl, acetyl and methyl. Vfhen 
Y is -N(R*)-, ottier preferred R* groups are those in v*ich R' is combined with R* to form 
a nonaromatic ring, preferably a include substituted or unsubstituted 1-piperidinyl ring, a 
substituted or unsubstituted 4-morpholinyl ring or a substituted or unsubstituted 1- 
pyiTolidinyl ring. 

15 Still other preferred R^ groups (including some of the preferred fixsed bicyclic 

aryl-cycloalkyl gn)iq>s) are selected from: 



15 



wo 02/064096 PCT/US02/04920 





In one group of particularly preferred embodimentSy is a radical selected 
from the group consisting of: 
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In anothCT group of particulariy preferred embodiments, is a radical 
selected fix>m the group consisting of: 




CHb 

The above group of radicals is meant to include ftose radicals having a 
5 mixture ofsto'eochemistry as well as pure isomers and enantiomers (those having less 
than about 5% of another diastereom^ or enantiom^, more preferably less than about 2% 
of another isomer, and most preferably less than about 1% of another isomer).The R* 
group is typically hydrogen, alkyl, aryl or arylalkyl. Preferably, R^ is hydrog^i, a lower 
alkyi groiQ) having from one to three carbon atoms, a phenyl ring or a phenylalkyl group, 
10 sudi as, for example, a benzyl or a phenethyl group. 

In yet another group of prefep-ed embodiments, Y is -N(R*)- and R' is 
combined with R^ to form a group selected from the group consisting of: 



and the like. 

15 R' and R' are each independently hydrogen, alkyl, aryl or arylalkyl, or, 

combined to form a 4-, 5-, 6-, 7- or 8-membered ring contaniing from one to three 
heteroatoms in the rinjg. Preferably, and R' are each independently a (C,-C0alkyl 
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groi^), or are combined to form a 6-, or 7-membered ring. and are 
independently selected from hydrogen, alkyl, aiyl and aiylalkyL In preferred 
embodiments, and R'^ are independently selected from hydrogra, (C,-Cs)alkyl, phenyl 
and phenyKCi-CJalkyl. R" is alkyl, aryl or arylalkyU preferably, (C,-Cg)alkyl, phenyl 
S and pbenyI(CrC4)alkyl. R" is aDcyl, preferably (Ci-CJalkyI, more preferably (C,- 
C3)alkyl, and even more preferably methyl. 

In addition to the above descriptions of R' to R'^ the present formula abov&is 
meant to represent a number of compounds in which a second ring is frised to the 
pyrimidine ring, including structures in which one of the pyrimidine ring nitrogen atoms 

10 is at the ring junction. For the discussion below and the claims, the nitrogens are 

individually referred to as follows: N' is the nitrogen atom at the 1 -position of the ring 
(which is between the carbon atom bearing -R^ and the carbon atom bearing -Y-R*). is 
the nitrogen atom at the 3-position of the pyrimidine ring (which is the nitrogen atom 
between the carbon bearing -Y-R^ and the carbon atom -bearing -X). Examples of fused 

1 5 rings are those in which R' is joined to R^, R* is joined to R', R' is joined to N\ R' is 

joined to N\ R^ is joined to N* or R^ is joined to to form a fused 5-, 6-, or 7-membered 
ring. The ring formed by these combinations will contain 1-3 heteroatoms (e.g,, O, N or 
S) and can be either aromatic or nonaromatic. Preferably the additional ring fonned is a 
5- or 6-membered ring. 

20 When R* and R' are combined to form a ring, the combination can be replaced 

with a substituent of the formula -T-C(0)-(CH2),-U-, wherein T and U are independently 
selected from -O-, -CHj- or a single bond, and the subscript s is an integer of from 
0 to 2. Alternatively, the R' and R^ radicals can be replaced with a substituent of the 
formula -A-(CH2)p-B-, wherein A and B are independently selected from -CHj-, -0-, 

25 -NH-, -S-, -S(0)-, -S(0)2-, -S(0)2NR'- or a single bond, and p is an integer of from 1 to 3. 
One or more of the single bonds of the new ring so fonned may optionally be replaced 
with a double bond. Alternatively, the R' and R^ radicals can be replaced with a 
substituent of the formula -{CH^^-Z-iCH^^'-, where q and r are independently integers of 
from 1 to 3, and Z is -0-, -MR*-, -S-, -S(0)-, -S(OV» or -S(0)2NR*-. The substituent R* 

30 in -MR*, and -S(0)2NR'- is selected from hydrogen or (Ci-GJalkyl. 

The subscript m, in the groups above, is an integer of from 1 to 2, preferably 
2. The subscript n, in the groups above, is an integer of from 1 to 3, preferably 2. 
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The compounds provided in the above fonnula are meant to include all 
phamaceutically acceptable salts and prodrugs thereof A number of substituait 
combinations on the pyrimidine ring are particularly preferred. In the following preferred 
embodiments, the substitutents X, Y and to R" are generally defined as above. 
5 One group of preferred embodiments has the fonnula (Ha): 




na 

In compounds of general formula Ila, R' is preferably -NO2, -CFj, 
^C(0)NR'R«. -CO2R", -S(0)2NR'R'. -S(0)2R', -C(0)R', -SO^j, or -CN and R' is 

10 preferably an aBcyl group having from 1 to 8 carbon atoms. In the most preferred 

embodiments^ the R^ and R^ groups are combined to form a 5-membered ring which is 
optionally fused to an aryl group. Examples of suitable S-membered ring groups (and 
those which are optionally fused to an aryl group) include pyrrolidine, pyrrole, imidazole, 
pyrazole, benzimidazole, imidazoline, 1,2,4-triazole, 1 A3-triazole, imidazolidin-2-onc, 

IS and the like. More preferably, the R^ and R^ groups are combined to fonn an imidazole 
ring which is substituted or, optionally, is fused to an aryl group. Preferred substituted 
(and fused) imidazole rings include, for example, 2-melhylunidazole, 2-elhylimidazole, 
2-isopropylimidazole, 2-aminoimidazole, 5-methylimidazole, 5-ethylimidazole, 
5-isopropylimida2ole, 2,5-dimethyHmidazole, benzimidazole, and 2- 

20 methylbenzimidazole. The R^ and R^ groups are independently selected from hydrogen, 
alkyl, aryl and arylalkyl, or can be combined to fonn a ring which is optionally fused to 
an aryl group. Figure 1 provides exemplary structures of compounds within this preferred 
group of embodiments. 
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Another group of prefoied embodimoits are rqiresented by die foimula 

(lib): 



j60 



s nb 

In this fonnula, tbe fused ring containing R* and is typically a heterocyclic 
ring in which the -R -R'- group is selected fiom, for example, -S(0)2NR*C(0)-, 
-S(0)2NR'C(0)NR"., -NR*S(0)2NR"C(0K -C(0)NR'C(OK -NR'C{0)NR"C(OK 
-NR'C(S)NR"C(0>, -NR'C(S)NR"C(S)., m which R' and R" are independently 

10 hydrogen or (C|-C8)alkyL The R' and R^ groups are preferably combined to form a 5- 
membered ring which is optionally fused to an aryl groiip. More preferably, the R^ and R^ 
groups are combined to fomi an imidazole ring which is optionally fused to an aryl group. 
The R' and R^ groups are independently selected from hydrogen, alkyl, aryl and arylalkyl, 
or can be combmed to fonn a ring which is optionally fused to an aiyl group.' Figure 2 

1 S provides exemplary structures of compounds within this preferred group of embodiments. 

Yet another group of preferred embodiments is represented by the fomiula 

(He): 




nc 

20 In this formula, the divalent radical -R'— R*- is typically an alkylene group, 

-C(0)NR'C(0)-, -C(0)NR'S(O)j- or -S(0)^*C(0)-, in which R' is a hydrogen or lower 
alkyl group. Preferably, R' and R" will each independently be an alkyl group, more 
preferably a lowo- alkyl group. The R' and R' groups are independently selected from 

20 
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hydrogen, alkyl, aryl and aiylalkyl, or can be combined to fonn a ring which is optionally 
fused to an aryl group. Figure 3 pro\'idcs exemplary structures of compounds within this 
preferred group of embodiments. 

Still another group of preferred embodiments are rqpresented by the formula 

5 (nd): 




nd 

In this formula, the fused ring portion defined by — R*— is typically a 
(C3-C5)alkylene group, alkyleneamine group {e.g., -NHCH^CHjCHj-, -NHCHjCHj-), or a 

10 '•NR*C(0)CH2- group, in which R' is hydrogen or a lower alkyl group. is typically 
•NO,, -S(0)2NR'R«, -S(0)2R^ -CN, .CF3, -C(0)R^ -CO^R'^ or -C(0)NR'R\ More 
preferably, R' is -NO^ , -CN, -CF3 or -C02R^^ with -NOj being the most preferred. The 
R^ and R^ groups are preferably combined to form a S-membered ring which is optionally 
fused to an aryl group. More preferably, the R^ and R'* groups are combined to form an 

15 imidazole ring which is optionally fused to an aryl group. He R^ and R* groups are 
independently selected from hydrogen, alkyl, aryl and arylalkyl, or can be combined to 
form a ring which is optionally fused to an aryl group. The symbol X' represents a 
suitable counterion for the quaternary nitrogen, Prefened counterions are those which 
form phannaceutically acceptable salts. Figure 4 provides exemplary stmctures of 

20 compounds within this preferred group of embodiments. 
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Another group of preferred embodiments are represented by the fonniiIa(IIe): 




ne 

In this fonnula, R' is preferably -NO^, -S(0)2NRTR", -S(0)2R', -CN, -C3?3, 
5 -C(6)R', -COjR*** or -C(0)NR^*. More preferably, R» is -NOj , -CN, -CF' or -CO^R", 
with -NOj being the most prefored. R' is preferably an alkyl group having from 1 to 8 
carbon atoms. The R^ and R'* groups are prcfwably combined to foim a 5-membered ring 
which is optionally fused to an aryl group. More preferably, the R^ and R* groups are 
combined to form an imidazole ring which is optionally fused to an aryl group. R* is 
10 preferably hydrogen, (C,-C8)alkyl, phenyl, or phenylalkyl. The fused ring portion defined 
by — R*— is typically a (C3-C5)alkylene group or a substituted alkylene group (e.g., 
-C(0)CHjCH2CH2-, -C(0)CH2CH2-). or a -NR'C(0)CH2- group, in which R' is hydrogen 
or a lower alkyl group. The symbol X* represents a suitable counterion for the quaternary 
nitrogen. Preferred counterions are those which form pharmaceutically acceptable salts. 
15 Figure 5 provides the structures of exemplary compounds of fonnula lie. 

Yet another group of preferred embodiments is represented by the formula 

(m): 




nf 

20 In this fonnula R" is preferably hydrogen, methyl or ethyl. Preferably, and 

R* are combined with the nitrogen atom to which R' and R' are attached to form a ring 
selected from the group consisting of substituted or unsubstituted 1-piperidinyl, 
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substituted or unsubstituted 4-moipholinyl and substituted or unsubstituted 1-pyirolidinyL 
Figure 6 provides exemplary structures of compounds within this preferred group of 
embodiments. 



5 Compositions 

In another aspect, the invention provides phannaceutical compositions which 
are suitable for phannaceutical or diagnostic use. The compositions comprise compounds 
of formula I provided above, in combination with a diagnostically or phannaceutically 
acceptable excipient The subject compositions are useful for treating diseases associated 

10 with CMV infection, such as atherosclerosis and restenosis, organ transplant rejection and 
pathologies associated with organ transplantation. The con[4>ositions are also useful for 
treating diseases produced by CMV infection, such as retinitis, mononucleosis, 
pneumonitis and hq>atitis. Suitable pharmaceutically acceptable exdpients include sterile 
saline or other medium, water, gelatin, an oil, etc, . The compositions and/or compounds 

1 5 may be prepared in combination with any convenient carrier, diluent, etc. Useful earners 
include solid, semi-solid or liquid media including water and non-toxic organic solvents. 

Solid form preparations include powders, tablets, pills, capsules, cachets, 
lozenges, troches, hard candies, powders, sprays, creams, suppositories, and dispersible 
granules. A solid carrier can be one or more substances which may also act as diluents, 

20 flavoring agents, binders, pres^atives, tablet dismtegrating agents, or an encapsulating . 
material 

In powders, the carrier is a finely divided soUd which is in a mixture with the 
finely divided active component. In tablets, the active component is mixed with the 
carrier having the necessary binding properties in suitable proportions and compacted in 

25 the shape and size desired. 

The powders and tablets preferably contain fi-om 5% or 10% to 70% of the 
active compound. Suitable carriers are magnesium carbonate, magnesium stearate, talc, 
sugar, lactose, pectin, dextrin, starch, gelatin, tragacanth, methylcellulose, sodium 
carboxymethylcellulose, a low melting wax, cocoa butter, and the like. The term 

30 ^'preparation" is intended to include the formulation of the active compound witii 

encapsulating material as a carrier providing a capsule in which the active component 
with or without other carriers, is surrounded by a earner, which is thus in association with 
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it. Similarly, cachets and lozenges are included. Tablets, powdCTS, capsules, pills, 
cachets, and lozenges can be used as solid dosage forms suitable for oral administration. 

For preparing suppositories, a low melting wax, such as a mixture of fatty 
acid glycerides or cocoa butter, is first melted and the active component is dispersed 
5 homogeneously therein, as by stirring. TTie molten homogeneous mixture is. then poxired 
into convenient sized molds, allowed to cool, and thereby to solidify. 

Liquid form preparations include solutions, suspensions, and emulsions, for 
example, water or water/propylene glycol solutions. For parenteral injection, liquid 
preparations can be formulated in solution in aqueous polyethylene glycol solution. 
1 0 Aqueous solutions suitable for oral use can be prq)ared by dissolving the 

active component in wato* and adding suitable colorants, flavors, stabilizers, and 
thickening agents as desired. Aqueous suspensions suitable for oral use can be made by 
dispersing the finely divided active component in water with viscous material, such as 
natural or synthetic gums, resins, methylcellulose, sodium caiboxymethylcellulose, and 
1 5 other well-known suspending agents. 

Also included are solid form preparations which are intended to be converted, 
shortly before use, to liquid form preparations for oral administration. Such liquid forms 
include solutions, suspensions, and emulsions. These preparations may contain, in 
addition to the active component, colorants, flavors, stabilizes, buffers, artificial and 
20 natural sweetena-s, dispersants, thickeners, solubilizing agents, and the like. 

The pharmaceutical preparation is preferably in unit dosage form. In such 
form the preparation is subdivided into unit doses containing appropriate quantities of the 
active component. The unit dosage form can be a packaged preparation, the package 
containing discrete quantities of preparation, such as packeted tablets, capsules, and 
25 powders m vials or ampoules. Also, the unit dosage form can be a capsule, tablet, cachet, 
or lozenge itself, or it can be the appropriate number of any of these in packaged form. 

The quantity of active component in a unit dose preparation may be varied or 
adjusted from 0.1 mg to 1000 mg, preferably 1 .0 mg to 100 mg according to the particular 
application and the potency of the active component The composition can, if desired, 
30 also contain other compatible therapeutic agents. 

The compositions may be advantageously combined and/or used in 
combination with agents useful in (he treatment and/or prevention of atherosclerosis (e.g., 
cholestyramine used to reduce cholesterol) and/or restenosis, organ transplant rejection 
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(e.g., sirolimus) and pathologies associated with organ transplantation, described herein. 
The compositions may also be advantageously combined and/or used in combination with 
agents useful in the treatment and/or prevention of pathologies associated with organ 
transplantation, such as lymphoproliferative disorders and thrombosis.. Iii many 
5 instances, administration of the subject compounds or con^ositions in conjunction with 
these alternative agents enhances the efficacy of such agents. Accordingly, in some 
instances, the present compoxmds, when combined or adnndnistered in combination with 
anti-atherosclerotic and/or anti-restoiotic agents and/or immunosuppressive agents, can 
be used in dosages which are less than the expected amounts ^en used alone, or less 

1 0 than the calculated amounts for combmation therapy. 

Suitable agents for combination therapy include those that are currently 
commercially available and those that are in development or will be developed. 
Exemplary agents use&I in the treatm^t of atherosclerosis and/or restenosis include 
antithrombotic agents, lipid lowering agents, calcium channel blockers, angiotensin 

15 converting enzyme (ACE) inhibitors, smooth muscle growth inhibitors and antioxidant 
agents. 

The compositions may also be advantageously combined and/or used iii 
combination with antiviral agents useful in the treatment and/or prevention of the viral 
infections described hereirL The compositions may also be advantageously combined 

20 and/or used in combination with agents usefid in the treatment and/or prevention of 
conditions often associated with the viral uifections described herein, such as anti-HIV 
agents (described below), immunostimulatory agents (e.g., vaccines) or 
immunosuppressive agents (eg., cyclosporin, FK-506 (tacrolimus) and rapamycin 
(sirolimus)). In many instances, administration of the subject compounds or compositions 

25 in conjunction with these alternative agents enhances the efficacy of such agents. 

Accordingly, in some instances, the present compounds, when combined or administered 
in combination with antiviral or immunosuppressive agents, can be used in dosages which 
are less than the expected amounts when used alone, or less than the calculated amounts 
for combination therapy. Such combination therapy often is advantageous because a 

30 reduction in dose of one or more agents frequently results in a decrease in the adverse 
effects associated with the agent(s). 

While antiviral agents may be particularly suitable for the treatment or 
prevention of a particular viral disorder(s), practitioners skilled in the art understand that 

25 
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such agents frequently are useful in treating a range of viral-related disorders. Exemplary 
agwits useful in the treatment of CMV include acyclovir, cidofovir, ganciclovir, 
valganciclovir, immunoglobulin (CMV-specific and unselected) and foscamet Other 
promising anti-CMV agents include (a) the nucleoside/nucleotide analogs valaciciovir, 

5 adefovir, dipivoxil and lobucavir; (b) the antisense agents fomivirsen, GEM 132 

(Hybridon)» ISIS 13312 (ISIS) and (c) other therapies like benzhnidavir and sevirumab. 

Exemplaiy anti-HTV agents include (a) nucleoside analog reverse 
transcriptase inhibitors such as zidovudine (AZT), didanosine (ddl), zalcitabine (ddC, 
dideoxycytidine), stavudine (d4T), lamivudine (3TC), abacavir (1592U89), emtricitabine 

10 (FTC, Triangle Pharmaceuticals), BCH-10652 (BioChem Pharma) and the related 
nucleotide analogs (e^., PMPA (Gilead Sciences)); (b) non-nucleoside reverse 
transcriptase inhibitors such as nevirapine (NVP), delavirdine (DLV), efavirenz (DMP- 
266), emivuine (MKC-442), AG1549 (Agouron Pharmaceuticals; PNU142721 
(Pharmacia), calanoIide-A (Sarawak MediChem Pharmaceuticals); (c) protease inhibitors 

15 such as saquinavir (SQV), ritonavir (RTV), indinavir (IDV), nelfinavir (NFV) saquinavir 
(SQV), amprenavir (APV), 232,632 (Bristol-Myers Squibb), tipranavir, DMP-450 
(Triangle Pharmaceuticals), and lopinavir and (d) immune stimulators such as interieukin 
2 (Chiron), Reticulose® (Advance Viral Research Corporation); Multikine* (Cel-Sci 
Corporation), and HIV-1 immunogen (Immune Response Corporation). Other anti-HTV 

20 agents that may be used in combination with the compounds and compositions of the 
present invention include HTV integrase inhibitors (e.^., AR-177 (Aronex 
Pharmaceuticals)), fusion inhibitors (e.g., T-20 (Roche)) and antisense drugs (e^., 
HGTV43 (Enzo Therapeutics)). 

Methods of Use 

25 In yet another aspect, the present invention provides novel methods for the 

use of the foregoing compounds and compositions. In particular, the invention provides 
novel methods for treating or preventmg diseases associated with CMV infection, 
preferably cardiovascular disease, such as atherosclerosis and restenosis, and organ 
transplant rejection, including heart transplant rejection, kidney transplant rejection, lung 

30 ' transplant rejection, liver transplant rejection and bone marrow transplant rejection, as 
known in the art The methods typically involve administering to a patient an effective 
fonnulation of one or more of the subject compositions. 
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In still another aspect, the invention provides methods of using the subject 
compounds and compositions to treat disease or provide medicinal prophylaxis to 
individuals who possess a compromised immune s>^tem or are expected to suffer 
immunosuppressed conditions, such as patients prior to undergomg immunosuppressive 

5 therapy in connection mHi organ transplantation or anticancer chemotherapy. These 
methods generally involve administering to the host an effective amount of the subject 
compounds or phaimaceutically acceptable compositions. 

The compositions and compounds of the invention and the pharmaceutically 
acceptable salts thereof can be administered in any effective way such as via oral, 

1 0 parenteral or topical routes. Generally, the compotmds are administered in dosages 
ranging from about 2 mg up to about 2,000 mg per day, althougih variations will 
necessarily occur depending on the disease target, the patient, and the route of 
administration. Preferred dosages are administered orally in the range of about 0.05 
mg/kg to about 20 mg/kg, more preferably in the range of about 0.5 mg/kg to about 10 

15 mg/kg, most preferably in the range of about 1 mg/kg to about 5 mg per kg of body 
weight per day. 

It is believed that the compounds of the invention wiD block CMV replication 
by specifically modulating or inhibiting the activity of CMV DMA primase. CMV DNA 
primase regulates initiation of CMV DNA replication. Therefore, inhibition of CMV 
20 DNA primase will inhibit CMV DNA rqjlication and render the virus unable to 
reproduce. 

While a precise understanding of the mechanism by which compounds inhibit 
viral primase activity is not required in order to practice the present invention, it is 
believed that the compounds interact with a cysteine residue of the CMV UL70 protein, 
25 which mediates CMV DNA primase activity. In particular, it is believed that the 

compounds covalently modify cysteine residue 570 (CySjTo) of a deleted amino-terminal 
sequence of UL70, 

Full length human CMV UL70 (SwissProt Accession No. P17149) has been 
described; see, e.g., "Chee et al (1990) Cwrr. Top. Microbiol Immunol. 15:125-169, and 
30 has the sequence shown in SEQ ID N0:1. CySj7o of the deleted amino-terminal sequence 
described herein corresponds to Cys^jjg of the full length sequence. 

The compounds possess an electrophilic moiety that is capable of reacting 
with a thiol group. Specifically, the compounds of the invention bind covalently to CySjTo 
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of the CMV UL70 protein, and this binding is specific. Compounds contemplated by the 
invention include, but are not limited to, the exemplaiy compounds provided herein. The 
skilled practitioner can propose additional compounds possessing an electrophilic moiety 
that will react with Cys57o of UL70 in a similar manner. 

5 

Preparation of the Compounds 

The compounds of the present invKition can be prepared using geneidl 
synthesis schemes, such as those outlined in Figures 7-16. One of skill in the art will 
understand that the syntheses provided below can be modified to use different starting 
10 materials and alternate reagents to accomplish the desired transformations. Accordingly, 
the description below, the Figures and flie reagents are all expressed as non-limiting 
embodiments. 

Briefly, the compounds of formula I, in which Y is -N(R*)- can be prqjared 
from a variety of known pyrimidinediones. As shown in Figure 7, the pyrimidine dione 

15 (0 can be converted to the corresponding dichloride (u) by treatment with reagents such 
as, for example, POClj, Treatment of ii with the desired amines (including heterocyclic 
amines) provides the target compounds, typically as a mixture of isomers (lii). Separation 
of the isomers can be accomplished by traditional methods such as column 
chromatography or HPLC. Alternatively, ii can be hydrolyzed to a mono chloro 

20 compound (using, for example, sodium acetate, acetic acid, water and ethanol) to provide 
(iv) which upon treatment with a suitable amine, alkoxide or thiolate ion provides (v). 
Conversion of the 4-hydroxy group to a 4-chloro substituent and displacement with a 
suitably nucleophilic amine provides the targets (vi). 

A number of pyrimidinediones are commercially available and can be used as 

25 startmg materials for the above transfomiations, including, for example, 5-cyano-6- 

methyl-2,4-pyrimidinedione (vii), 6-methyl-2,4-pyiimidinedione-5-carboxamide (x), 6- 
methyl-2,4-pyrimidinedione-5-sulfonic acid (xv) and 6-methyl-5-nitro-2,4- 
pyrimidinedione. Each of these compounds can be converted to target compounds of 
formula (Ea) as illustrated in Figure 8. For example, 5-cyano-6-methyl-2,4- . 

30 pyrimidinedione (vli) can be converted to a dichloride (viiQ using reagents such as POCI3, 
then further converted to target compounds (eg., ix) upon treatment with amines R^-NH- 
R'* (e,g., 2-methylimidazole) and R*-NH-R* (e.g-, N-methylbenzylamine). 
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The caiboxamide gjoup of 6-methyI-2,4-pyriinidmed 
can be hydrolyzed to a carboxylic acid (xi) with aqueous base and then converted to an 
add chloride (xii) with TOClj (fonning a trichloride). Stq>wise addition of amines or 
other suitable nucleophiles provides the target compounds (eg., xiv). Similarly, a 

5 trichloride (xvi) is formed by treating 6-methyl-2,4-pyrimidinedione-5-sulfonic acid (xv) 
with chlorinating agraits such as fOCly Again, the stepwise addition of ammes or other 
suitable nucleophiles produces the desired target species (xvlii). 

Yet anoth^ method for the preparation of compounds of fonnula Ila is shown 
in Figure 9. Treatment of either a p-ketoester (xix) or an a-methylene ester (xxi) with 

10 base sodium alkoxide) and an electrophile (eg., an alkylating agent, acylating agent, 
sulfonylating agent, and the like) provides a suitably dwivatized p-ketoester (xx) which 
can be converted to a pyrimidinone (xxiii) upon treatment with a substituted guanidine 
(xxii), typically in acid (acetic acid) with heating. The substituents in the 5- and 6- 
positions (R* and K\ respectively) are determined by flie groups present on the 

15 derivatized P-ketoester. Chlorinatiori of the pyrimidinone to produce (xxiv) and 
subsequent treatment with.a nucleophilic nitrogen heterocycle (e.g., imidazole, 2- 
alkylimidazole, pyrrolidine, piperidine and the like) as well as other amines provides the 
target compounds of formula Ha. Substituted guanidines used in this method of 
preparation can either be obtained from commercial sources or can be prepared by the 

20 treatment of a secondary amine with cyanamide. Additional literature methods for the 
preparation of substituted guanidines are known to those of skill in the art. 

A number of transfomiations can be earned out to attach groups to an 
unsubstituted position on the pyrimidine ring, or to modify existing groups (see Figure 
10). For example,, a 4-chloro substituent (present, for example, in xxv) can be displaced 

25 with ammonia to produce a 4-aminopyrimidine (e.g., xxvi). Treatment of the primary 
amine with succinic anhydride provides (xxvii) which upon treatment with acetic 
anhydride produces the succinimide compound xxviii (Figure lOA). Exocyclic amino 
groups can also be acylated using standard acylating ag«its as shown in Figure lOB. 
Metallation reactions can be earned out on pyrimidines which are unsubstituted in the 

30 6-position (Figure IOC). For example, a 5-nitropyrimidirie derivative (xxxQ can be 

catalytically (H,) or chemically (e.g., Fe/HCl) reduced to a 5-aminopyrimidine dmvative 
(xxxii) which is then protected as a t-butyl carbamate (xxxiii). Treatm^t of the protected 
5-aminopyrimidine derivative with a metallating agent such as sec-butyllithium provides 
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a metallated intermediate (xxxiv) which can be acylated (xxxv), sulfonylated (xxxvi) or 
alkylated (xxxvii), as shown. Similarly (see Figure 1 ID), the pyrimidine derivative 
(xxxviii) can be metallated to produce intermediate (xxidx), thai acylated (xl), 
sulfonylated (xli) or alkylated (xlli). Introduction of functional groups at the 5-position 

5 can be accomplished using similar metallation chMnistry on, for example, the pyrimidine 
derivative (xliii), to produce intemiediate (xliv) whidi can be acylated (xlv), sulfonylated 
(xlvO and alkylated (xlvil). 

Figure 1 1 A-1 ID provides synthesis schemes for several compounds which 
follow the general methods shown in Figures 7-9. For example^ Figure 1 1 A illustrates the 

10 preparation of a substituted guanidine (I) from a secondary amine (xlviii) and a 

chloroimidate (xlix) and the conversion of ethyl cyanoacetate (li) to the ketoester (lii). 
Condensation of 1 and lii produces the pyiimidinone (liii) which can be chlorinated to 
provide liv and then treated with an amine nucleophile (e.g., 2-methylimidazole) to 
provide the target Iv. Figure lOB illustrates a similar route in which ethyl acetoactate (Ivi) 

IS is acylated to provide the tricarbonyl compound QviS). Condensation of Ivli with the 
substituted guanidine (Iviii) provides die pyrimidinone (Ux) which is convoted to the 
target (Ix) using standard protocols. Figure 11 C illustrates methodology in which a 
sulfonamide group is present in the starting material (Ixi) and the substituted guanidine 
(Ixiii) contains a nitrogen heterocycle. Accordingly, condensation of bdi and Ixiii 

20 provides the pyrimidinone (hdv) which is converted to the target (Ixv) using POCI3 (or 
other chlorinating agents) followed by reaction with an amine nucleophile (eg., 1,2,4- 
triazole). Additionally, the general methodology allows the preparation of compounds 
having -O-Ar, -S-Ar, -0-alkyl and -S-alkyl gro\4)S at the 2-position of the pyrimidine ring 
(Figure lOD). For example, treatment of the ketoester (xx) with the substituted guanidine 

25 (Ixvi) provides the pyrimidinone (Ixvii) which can be chlorinated and condensed with R'- 
NH-R^ to provide Ixix. Removal of the protecting groups yields the 2-ammopyrimidine 
compound (Ixx). Diazotization and subsequent chlorination can be carried out using 
standard procedures to provide Ixxl. Displacement of the chloride with eithar an oxygen- 
containing nucleophile or a sulfur-containing nucleophile provides the target compounds 

30 IxxU or Ixxiii, respectively. 

Figure 12 illustrates the preparation of several compounds of formula lib. In 
one group of embodiments, substituted pyrimidines having a sulfonamide at the 5- 
position and an ester group at the 6-position (Ixxiv) can be ssq}onified to provide Ixxv, 

30 
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which is then cyclized with dehydrating agents sulfuric acid or acetic anhydride) to 
the fused heterocycle shown as Ixxvi (see Figure 12A). In other embodiments, diesters 
(Ixxvii) are saponified to the diacid (bcxvlii) and converted to a mixture of amides (Ixxix, 
by sequential treatment with acetic anhydride and mefliylamine), which can then be 
5 cyclized by treatment with a dehydrating agent (e.g., acetic anhydride) as indicated to 
provide a bicyclic system (Ixxx, sec Figure 12B). Yet another fused bicyclic system 
(Ixxxi) can be prepared beginning with ethyl 2-oxocyclopentanecaAoxylate, using 
methods outlined above for the conversion of a P-ketoester to a substituted pyrimidinc 
(see Figure 12C). Still anoth^ group of embodiments can be prepared via manipulation 
10 of nitrile and ester substituents (see Figure 12D). Briefly, ethyl cyanoacetate is first 

condensed with ethyl oxalyl chloride and the resultant product is treated with a substituted 
guanidine (exemplified herein witfiN,N-diethylguanidine) to provide the substituted 
pyrimidinone (Ixxxii). Treatment of Ixxxii with POCI3 (or other dilorinating agent) 
followed by an appropriate amine (eg., imidazole, 2-alkylimidazole, 
1 5 isopropylethylamine, pyrrolidine) provides the substituted pyrimidme O^aodii). Ester 
hydrolysis and Curtius rearrangement (using, for example, diphenylphosphoryl azide) 
provide the amino nitrile (Ixxxiv). Conversion of the nitrile group to an amide by add 
hydrolysis, and subsequent treatment with phosgene (or a phosgene equivalent such as 
diphosgene or dimethylcarbonate) provides the fused bicyclic system, Ixxrv which can be 
20 further converted to Ixxxvi on treatment with strong base (e.g., NaH) and an alkylating 
agent (e.g., Mel). Certain intemiediates along these synthetic routes can be converted to 
other useful derivatives figure 12E). For example, Ixxxvii can be treated with 
Lawesson's reagent to provide the thioamide Ixxxviii, which on treatment with phosgene 
(or a phosgene equivalent) provides the fused bicyclic system Ixxxix. Alternatively, 
25 Ixxxvii can be treated with sulfuiyl chloride in the presence of a tertiary amine base to 
provide the fused bicyclic system xc. Figures 12F and 12G illustrate other methods of 
preparing compounds within the scope of formula lib. In Figure 12F, a substituted 
pyrimidine (xci) having a sulfonamide at the 5-position and a carboxylic acid at the 
6-position is prepared using methods analogous to those desmbed above, Curtius 
30 rearrangement of the carboxylic acid group in xci to an amino group provides xcii, which 
is then cyclized to xciii, using phosgene or a phosgene equivalent Figure 12G shows the 
preparation of a pyrimidme diester (xciv) and its conversion to the fused bicyclic system 
xcvil. Briefly, the silyl ester present in xciv is hydrolyzed to the acid which is subjected 
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to a Curtius rearrangement to provide xcv. Conversion of tfie renaming ester group to an 
amide can be acxjomplished using standard procedures to provide xcvi. Cyclization of 
xcvi to xcvii can be canied out using phosgene or a phosgene equivalent. 

Compounds of formula lie can be prepared by meftods outlined in Figure 13. 

5 In one group of embodiments (in Figure 13 A), a 4-chloropyrimidine derivative (xcviii, 
prepared by methods described above), is treated with an amine (e.g,^ allylamine) to 
provide xcix. The ester group is then converted to an N-methyl amide (c) upon treatment 
with methylamine in an alcohol solvent. Cyclization of c to ci occurs upon treatment with 
phosgene or an equivalent. Similarly, compounds having more electronegative groups in 

1 0 the 6-position can be prepared as shown in Figure 1 3B. For example, the 

chloropyrimidine cii can be produced using methods outlined above and then converted to 
the bicyclic compound clii, using procedures described for xcix. Still other fused systems 
of formula lie can be pr^ared as shown in Figure 13C. Here, a chloropyrimidine 
derivative (civ) is treated with a primary amine (e.^., allylamine) to provide an amino 

15 moiety at the 4-position of the pyrimidine ring. Cyclization of the amino moiety onto a 
sulfonamide present at the S-position) can be accon^lished with phosgene or an 
equivalent to provide the target (cv). 

Preparation of compounds of formula lid can be accomplished, in one 
embodiment, as outlined in Figure 14. Briefly, ethyl nitroacetale can be condensed with a 

20 mixed anhydride (cvi) to provide a nitroketoester (cvii) which can then be converted to a 
pyrimidine (cviii) upon treatment with a suitably substituted guanidine. Removal of the 
protecting group, followed by treatment with POCI3 effects chlorination of the pyrimidine 
ring and cyclization to fonn a pyrimidinium salt (cix). Treatment of cix with an amine 
nucleophile produces the target compound (cx). Other compounds in this group can be 

25 prepared by starting with ethyl 3,3,3 -trifluoropropionate or ethyl cyanoacetate and 
varying both the substituted guanidine and the amino nucleophile which are used. 

Preparation of certain compounds of formula He can be accomplished 
following procedures outlined in Figure 15. According to the scheme dq)icted in Figure 
15, a suitably substituted guanidine (cxI, prq)ared from a protected hydroxypropylamine) 

30 is condensed with ethyl 2-nitroacetoacetate (or similarly ethyl 2- 

trifluoromethylacetoacetate) to provide the a pyrimidinone (cxii). Removal of the 
protecting group, chlorination and cyclization using procedures similar to those shown in 
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Figure 15, produces the salt (criii). SubsequKit treatment of cxili with a nucleophilic 
amine produces the target (cxiv). 

Preparation of compoimds of foimula Of can be accomplished following 
procedures outlined in Figure 16. Accordingly, (S)-2-aminopropanol can be treated with 
5 benzalddiyde in ethanol followed by sodium borohydride to form the N-bcnzyl alcohol 2. 
Acylation of the amine with chloroacetyl chloride provides 3, which can be cyclized to 4 
upon treatment with sodium hydride. Reduction of the amide caibonyl present in 4 with 
lithium aluminum hydride (LAH) provides the substituted morpholine 5, Hydrogenolysis 
of the N-benzyl group can be accomplished witii hydrogen using a paDadium on carbon 
10 catalyst to provide (S)-3-methylmoipholine 6. 

Compound 6 can be combined with 2-chlo«)-4-hydroxy-6-methyl-5- 
nitropyrimidine (7), to provide compound 8. The hydroxy group present in 8 can then be 
converted to a chlorine upon treatment with POQa to provide compound 9, which upon 
treatmrait with imidazole m ethanol yields the parent compound 1* Conversion of 1 to the 
15 various salts can then be accomplished upon treatment with an equivalent of a suitable 
sulfonic acid (illustrated in Figure 16 as benzenesulfonic acid (PhSOaH) and 
toluenesulfonic acid (p-MePhSOaH)). 

The compounds used as initial starting materials in this mvention may be 
purchased from commercial sources or alternatively are readily synthesized by standard 
20 procedures which are well know to those of ordinary skill in the art 

Some of the compoimds of the present invention will exist as stercoisomCTS, 
and the invention includes all active stereoisomeric forms of these compounds. In the 
case of optically active isomers, such compounds may be obtained from corresponding 
optically active precursors using the procedures described above or by resolving raceraic 
25 mixtures. The resolution may be carried out using various techniques such as 

chromatography with a chiral solid support or a chiral solvent, repeated recrystallization 
of derived asymmetric salts, or derivatization, which techniques are well known to those 
of ordinary skill in the art. 

The compounds of the invention may be labeled in a variety of ways. For 
30 example, the compounds may contain radioactive isotopes such as, for example, 
(tritium), '"I (iodine-125) and "C (carbon-14). Similarly, the compounds may be 
advantageously joined, covalaitly or noncovalently, directly or through a linker molecule, 
to a wide variety of other compounds, which may provide prodrugs or function as 
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carriers, labels, adjuvants, coactivators, stabilizers, etc. Such labeled and joined 
compounds are contemplated within the present invention. 

Analysis of the Compounds 

S The subject compounds and con^ositions were demonstrated to have 

phaimacological activity in in vi7ro and in vivo assays, eg., they are capable of 
specifically modulating a cellular physiology to reduce an associated pathology or 
provide or enhance a prophylaxis. 

C^tain preferred confounds and conq>ositions are capable of specifically 

10 inhibiting or suppressing cytomegalovirus infection. For the assessment of activity 

against human CMV, a method was used which is similar to that described in Kohler, ei 
a/. (1994) J. Firo/. 68:6589-6597. Briefly, a recombinant human cytomegalovirus 
(HCMV) was made containing a marker gene (luciferase) under the control of the 
promoter for the late 28 kDa viral structural phosphoprotein pp28. Human foreskin 

15 fibroblast (HFF) cells wwe infected with the recombinant HCMV virus (moi (multiplicity 
of infection) 5), placed into 96-wcll plates, and cultured under standard ceU-culture 
conditions. Compounds that were evaluated for anti-HCMV activity were added to the 
infected cells 20 h later. The level of luciferase expression was measured 24 h after 
treatment with the test compounds. The biological activity of the test compounds is 

20 described by their IC50 values, the concentration of test compound that reduces 

recombinant HCMV late gene expression (represented by luciferase expression in the 
HFF culture) by 50% relative to control (vehicle-treated) infected cells. As an additional 
control, the cytotoxicity of test compounds on untreated HFF cells was also evaluated in 
cultured cell growth experiments- 

25 Table 1 provides biological data for selected compoimds fi'om the examples 

below. 



34 




PCTAJS02/04920 



wo 02/064096 



PCTAJS02;0492D 



TABLE 1 



wt% n mi ti 

v-o mp u liuu 




a 


U.o 


c 


A 1 
U.I 


a 


A AO 


f 


o 


g 


A O 
O.O 


h 


0.3 


j 


0.01 


K 


1 
I 


m 


2 


n 


0.4 


0 


2 


P 


0.3 


q 


3 


s 


3 


t 


10 



Evidence that the subject compounds modulate CMV DNA primase was 
5 obtained from a series of experiments. Typically 25 cm' flasks of HFF cells(lxlO* 
cells/flask) were mock-infected or infected with HCMV at a moi (multiplicity of 
infection) of 5 pfii/celL After 1 h, the inoculum was removed and the cells were overlaid 
with fi^h media containing the appropriate concentration of a tritiated compound, CH)-d, 
CH)-17 or CH)-25.3 (see FIG. 17). The cells were incubated at 37 X for 24, 48 or 96 h. 
10 The cells were then washed with PBS and scrq)ed into 1 mL of PBS. The infected cells 
w^e centrifuged for 2 min. The supernatant was discarded and the cell pellet was 
resuspended and lysed in 300 of PBSA* (1% nonidet P40, 1% sodium deoxycholate, 
10 nM PMSF, 10 nM TLCK, 10 nM TPCK, 1 mM EGTA, 10 nM ^protinin in PBS). 
The samples were then sonicated for five 2-min. intervals, aliquotted and stored at -80 
IS X. Fifty 1-|jL samples were mixed with lamelli sample buffer (Biorad) and subjected to 
SDS electrophoresis in 10% or 4-20% gradient polyacrylamide gels. The 
electrophoretically separated radiolabeled proteins were transferred to nitrocellulose and 



35 



wo 02/064096 PCTAIS02/04920 

exposed for 6 days to Ultrasensitive Fuji tritium detection plates and analyzed witli a 
phosphoimager. 

As shown in FIG. 18A, one specific protein (protein X) that migrated with an 
apparent molecular mass of approximately 1 10 kD was observed only in extracts derived 
S from infected cells treated with (^-d and appeared at 48 h post-infection. The time of 
appearance of this protein is consistent with early gene expression in HCMV, which gives 
rise to the proteins involved in viral DNA replication. 

As shown in HG. 19A, extracts from cells infected with either a baculovirus 
expressing an unrelated protein or baculovirus expressing die HCMV UL70 gene were 

10 subjected to SDS polyacrylamide electrophoresis in 4-20% gradient gels. The separated 
proteins were then transfeired to nitrocellulose and probed with eith^ preimmune serum 
or anti-HCMV UL70 peptide serunL Using the ECL detection system, a strong signal at 
-85 kD was observed with the inunune serum only in extracts from insect (High Five) 
cells infected with baculovirus expressing UL70. The baculovirus-produced UL70 

15 protein appeared as a doublet on SDS gels. Baculovirus UL70 protein lacks the first 100 
amino acids at the N-tenninus and thus, migrates faster than the full length UL70 protein 
in SDS polyacrylamide gels. 

As shown in FIG. 19B (panel 1), UL70 can be detected in infected ceUs, and 
die specific. UL70 antibody signal comigrated exactly with the (^H)-d-labeled 1 10 kD 
20 viral-specific protein X (FIG. 19B, panel 2). 

Modification of CMV UL70 by the subject compounds was determined by 
generation of an HCIMV mutant straiA that is resistant to compound 1 and comparison of 
wild-type Towne sequences of the HCMV replication genes with sequences of the 
corresponding genes in the 1-resistant virus. 

25 Eleven viral genetic loci have been shown to be reqmred for HCMV DNA 

replication. To determine which of these genes is mutated in the mutant virus, DNA 
sequencing was performed. Wild type Towne sequences of the HCMV replication genes 
were compared with sequences of the corresponding genes in the 1-resistant virus. To 
detect bona fide point mutations, multiple pools of polymerase chain reaction (PCR) 

30 products were sequenced for each of the following genes (including 500 bp of flanking 
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sequences): UL44 (DNA polymerase accessory factor), UL54 (DNA polymerase), UL57 
(single-stranded DNA binding protein), UL102 (helicase-primase accessory factor), 
UL105 (helicase), UL10MJL102 (origin binding protein), ULl 12413 loci (early proteins 
of unknown function), UL84 (unknown function) and UL70 (primase). The only changes 
5 identified were three point mutations in the UL70 gene encoding the HCMV primase, 
shown m FIG. 20. The presence of the three point mutations was confirmed by PGR 
amplification and sequencing of fee UL70 genes from three independent preparations of 
the 1-resistant virus DNA. 



All three point mutations detected are in the conserved primase domains of 
1 0 the UL70 protein. In particular, the cysteine residue at position 570 is completely 

conserved among all primase homologs identified in the herpes virus family. However, 
the adjacent residues are poorly conswved. The proline residue at position 571 is not a 
highly conserved residue. Site-specific mutagenesis of serine 571 back to proline in the 
presence of the V,,, I and I^^ -> F mutations could not rescue wild type viruses in the 
15 presence of high concentrations (1 ^M) of an analog of compound 1. Furthermore, 

mutation of proline 571 to serine alone was not sufficient to conf®" a compound-resistant 
phenotype. Further mutagenesis studies in which Vj,, and I^j were restored individually 
to 1-resistant virus UL70 DNA were not suflScient to restore a resistant phenotype. 



20 Combinatorial Libraries 

Combinatorial libraries of compoimds that possess an electrophilic moiety 
capable of reacting with a thiol group can be screened for antiviral activity. 
Conventionally, new chemical entities with useful properties are generated by identifying 
a chemical compound (called a "lead compound") with some desirable property or 

25 activity, c.^., antiviral activity, creating variants of the lead compound, and evaluating the 
property and activity of those variant compoimds. However, the current trend is to 
shorten the time scale for all aspects of drug discovery. Because of the ability to test large 
numbers quickly and efficiently, high throughput screening (HTS) methods are rq)lacing 
conventional lead compound identification methods. 

30 In one preferred embodiment, high throughput screening methods involve 

providing a library containing a large mm[iber of potential therapeutic compounds 
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(candidate compounds). Such " combinatorial chemical libraries'* are th^ screened in 
one or more assays to identify those libraiy members (particidar chemical species or 
subclasses) that display a desired characteristic activity. The compounds thus identified 
can serve conventional " lead compounds" or can fliemselves be used as potratial or 
5 actual therapeutics. 



compounds generated by either chemical synthesis or biological synthesis by combining a 
number of chemical "building blocks" such as reagents. For example, a linear 
combinatorial chemical library, such as a polypeptide mutem) library, is formed by 
1 0 combining a set of chemical building blocks called amino acids in every possible way for 
a given compound length (/.e.« the number of amino acids in a polypeptide compound). 
Millions of ch^cal compounds can be synthesized through such combinatorial mixing 
of chemical building blocks (Gallop et. al (1994)7. Med, Chem, 37(9):1233-1251). 



15 to those of skill in the art. Such combinatorial chemical libraries include, but are not 
limited to, peptide libraries {see, e.g,, U.S, Patent No. 5,010,175, Furica (1991) Jnt, J. 
Pept, Prot Res. 37:487-493, Houghton eL al. (1991) Nature 354: 84-88), peptoid hbraries 
(PCX Publication No WO 91/19735), encoded peptide libraries (PCX Publication WO 
93/20242), random bio-oligomer hT)raries (PCX Publication WO 92/00091), 

20 benzodiazepine hT>raries (U.S. Patent No. 5,288,5 14), libraries of diversomers, such as 
hydantoins, benzodiazepines and dipeptides (Hobbs et al. (1993) Proa Nat Acad. Sci. 
USA 90:6909-6913), vinylogous polypeptide hbraries (Hagihara et al. (1992) J. Amer. 
Chem. Soc. 114:6568), libraries of nonpeptidyl peptidomimetics with a Beta-D-Glucose 
scaffolding (Hirschmann et al. (1992) Amer. Chem. Soc 114:9217-9218), analogous 

25 organic syntheses of small compound libraries (Chen et al. (1994) J. Am. Chem. Soc. 

116:2661), oligocaibamate libraries (Cho etal. (1993) Sb/ence 261:1303) and/or peptidyl 
phosphonate libraries (Campbell et al. (1994)/. Org. Chem. 59:658). See. generally, 
Gordon et al. (1994) / Med. Chem. 37:1385-1401, nucleic acid libraries (see, e.g., 
Stratagene Corp.), peptide nucleic acid libraries isee, e.g., U.S. Patent No, 5,539,083), 

30 antibody Ubrarics (see, e.g., Vaughn et al. (1996) Nature Biotechnology 14(3):309-314), 
and PCT/US96/10287), caibohydrate Ubrarics (see, e.g., Liang et al. (1996) Science 
274:1520-1522, and U.S. Patent No. 5,593,853), and small organic molecule hbraries 
{see. e.g„ benzodiazepines, Baum (1993) C&ENJm 18, page 33; isoprenoids, U.S- Patent 



A combinatorial chemical library is a collection of diverse chemical 



Preparation and screening of combinatorial chemical libraries is well known 
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No. 5,549,974; pyrrolidines, U.S. Patent Nos. 5,525,735 and 5,519,134; moipholino 
compounds, U.S. Patent No. 5,506,337; benzodiazepines, U.S. Patent No. 5,288,514; and 
the like). 

Devices for the preparation of combinatorial libraries are commercially 
5 available {see, 357 MPS, 390 MPS, Advanced Chem Tech, Louisville KY; 

Symphony, Rainin, Wobum MA; 433 A Applied Biosystems, Foster City CA; 9050 Plus, 
MiUipore, Bedford, MA). 

A number of well known robotic systems have also been developed for 
solution phase chemistries. These systrais includes automated workstations like the 
1 0 automated synthesis apparatus developed by Takeda Chemical Industries, LTD. (Osaka, 
Japan) and many robotic systems utilizing robotic arms (Zymate n, Zymark Corporation, 
Hopkinton MA; Orca, Hewlett-Packard, Palo Alto CA), whidi mimic the manual 
synthetic operations pafomied by a ch^st. Any of the above devices are suitable for 
use with the present inventioa The nature and implementation of modifications to these 
IS devices (if any) so that they can operate as discussed herein will be apparent to persons 
skilled in the relevant art In addition, numerous combinatorial libraries are themselves 
commCTcially available {see e.g., ComGenex, Princeton NJ; Asinex, Moscow, Russia; 
Tripos, Inc., St Louis MO; ChemStar, Ltd, Moscow, Russia; 3D Pharmaceuticals, Exton 
P^ Martdc Biosciences, Columbia MD; etc). 

20 

High Throughput Screening 

High throughput assays for the presence, absence, quantification, or other 
properties of particular compounds are well known to those of skill in the art. Thus, for 
example, U.S. Patent No. 6,043,038 discloses high throughput screening methods for 

25 modulators of primase activity. Such assays may be adapted to identify compounds 

capable of modifying CMV UL70 using functional protein. Preferred assays thus detect 
enhancement or inhibition of CMV DNA primase activity. 

In addition, high throughput screening systems are commercially available 
{see e,g., Zymark Corp., Hopkinton MA; Air Technical Industries, Mentor OH; Beckman 

30 Instruments, Inc., Fullerton CA; Precision Systans, Inc., Natick MA; etc.). These 

systems typically automate entire procedures, including all sample and reagent pipetting, 
liquid dispensing, timed incubations, and final readings of the microplate in detector(s) 
appropriate for the assay. These configurable systems provide higih throughput and rapid 



wo 02/064096 PCT/US02/04920 

Start up as well as a high degree of flexibility and customization. The manu&ctiirers of 
such systems provide detailed protocols for various high throughput systems. Thus, for 
example, Zymaik Corp. provides technical bulletins describing screening systems for 
detecting the modulation of gaie transcription, ligand binding, and the like. 
5 The following examples are offered by way of illustration and not by way of 

limitation. 

£XAMPL£S 

'H-NMR spectra were recorded on a Varian Gemini 400 MHz NMR 
10 spectrometer. Significant peaks are tabulated in the order, number of protons, 

multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br s, broad singlet) 
and coupling constant(s) in Hertz. Electron Ionization (EI) mass spectra were recorded on 
a Hewlett Packard 5989A mass spectrometer. Mass spectrometry results are reported as 
the ratio of mass ovct charge (m/z), followed by the relative abundance of each ion (in 
15 parentheses). 

EXAMPLE 1 






2-(N-methylaniUno)-4-(2-methylimldazolyI)-6-methyI-5-nitropyrlmidine 
(a) and an isomer 4-(N-methylanilino)"2-(2-methylimidazolyl)-6-methyI-5- 

20 nitropyrimidine (b). To a stined cold (-78 ^C) solution of 2,4-dichloro-6-methyl-5- 
nitropyrimidine (2.25 g, 10.8 mmol, 1.0 equiv.) in THF (15 mL) was added 2- 
methylimidazole(977mg, 11.9 mmol, 1.1 equiv.) in a solution of THF (15 mL)dropwise. 
After 1 h, the dry ice bath was replaced with a water ice bath and stirring was continued 
for an additional 2 h and 15 min.. At this time N-methylaniline (4.6 mL, 43.2 mmol. 4.0 

25 equiv.) was added. The reaction solution was stirred 1 h and IS min. at -78 and at 
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room temperature overnight. At this time the solvent was removed and the residue was 
diluted with dichloromethane and washed three times with O.IM HCl and three times with 
saturated aqueous NaCl solution. Hie organic phase was evaporated and the residue was 
purified by chromatography on silica gel (1:1 hexane/diethyl ether, 1% AcOH as ehiant) 
5 to provide 209 mg of the target compound a (6%) along with an isomer (400 mg) and b 
(104.8 mg). 

(a) 'H NMR (400MHz) (CD3OD): 6 226 (3H, br s); 2.58 (3H, br s); 3.61 
(3H, s); 6.88 (IH, s); 7.02 (2H, d); 7.31-7.34 (3H, m); 7.43-7.48 (2H. m). Anal, calcd. for 
C,«H,eNA: C, 59.25; H, 4.97; N, 25.91. Found C. 59.16; H, 4.95; N, 25.86. 
10 (b) 'H NMR (400MHz) (CDQ^: 8 2.40 (3H, s); 2.80 (3H, s); 3.55 (3H, s); 

6.95 (IH, s); 7.13 (2H, m); 7.30-7.39 (3H, m); 7.86 (2H, s). 

EXAMPLB2 




a c 

2-(N-mcthyIanilino)-4-(2-methylinddazoIyl)-6-ethyl-5-nltropyrim (c). . 

15 To a stilted, cold (-78**C) solution of a (54.4 mg, 0.168 mmol, 1.0 equiv.) in THF (1.0 

mL) was added LiN(SiMe3)2, ( 0.20 mL, 0.201 mmol, 1.2 equiv., of a l.OM/THF solution) 
dropwise. After stirring for 10 min., Mel (0.105 mL, 1.68 mmol, 10 equiv.) was added 
dropwise. The reaction was kept at -78 ''C for 40 min. and stirred for an additional 4 h at 
0 *C. A small portion of acetic acid (0,25 mL) was poured into the flask and the brown 

20 residue was evaporated to dryness. The residue was then dissolved in dichloromethane 
and washed three times with saturated aqueous NaCl solution and the organic phase was 
evaporated to dryness to provide a cmde yellow oiL 

Purification was carried out by column chromatography on silica gel with 1:1 
hexane/diethyl ether, 1% AcOH, 3% MeOH as eluant, to provide 21.4 mg of the desired 

25 product (37%). 
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(c) 'H NMR {400MHz) (CD,OD): 8 1^9 (3H, br s); 2.28 (3H. br s); 2.86 
(2H, br s); 3.63 (3H, s); 6.89 (IH, s); 7.02 (IH, s); 7.30-7.39 (3H, m); 7.42-7.49 (2H, m). 
MS ESI m/z (relative intensity): M+H. 339.2 (100); M+Na, 361.1 (15). 



5 EXAMPLES 




d e f 

2-(N-be]izylmethylamino)-4-(2-methylimidazoIyI)-6-methyl-5- 
nitropyrimidine (d), 2,4-Bis-(N-beii?yImethylainino)-6-methyI-S-nitropyrimidine (e) 
and 4-(N-benzylmethylamlno)-2-(2-methyUinidazolyI)-6-methyl-5-nitropyrimidine . 

10 (f). To a stiixed, cold (-78**C) solution of 2,4-dichloro-6-inethyl-5-nitropyrimidine (187.7 
mg, 0.90 mmol, 1.0 equiv.) in THF (2.25 mL) and EtOH (2.25 mL) was added 
2-methylimidazole (148 mg, 1.80 mmol, 2.0 eqniv.) in a solution of EtOH (2.25 mL) 
dropwise, Af^er 45 min., the dry ice bath was replaced with a water ice bath and the 
mixture was stined for an additional 2 h 15 min.. At this time N-methylbenzylamine 

15 (0,465 mL, 3.60 mmol, 4.0 equiv.) was added After stiiring for 2 h and 40 min., the 
solvents were removed by evaporation. The residue was diluted with dichloromethane 
and washed three times with 0.1 M HCl and three times with saturated aqueous NaCl 
solution. Solvent was removed from the organic phase and (he residue was purified by 
chromatography on silica gel (1:1 hexane/diethyl ether, 1% AcOH, as eluant) to provide 

20 d (32 mg), e (1 16.3 mg) and f (104.8 mg). 

(d) 'H NMR (400MHz) (CDCi;): 5 2.30 (1.5H, 6); 2.53 (1.5H. s); 2.57 (1.5H, 
s); 2.59 (1.5H, s); 3.15 (1.5H, s); 3^7 (1.5H, s); 4.88 (IH, s); 4.97 (IH, s); 6.87 (0.5H, s); 
6.90 (0.5H. s); 6.96 (0.5H, s); 6.99 (0.5H. s); 7.16 (IH, d); 7.24-7.37 (4H, m). MS ESI 
m/2 (relative intensity): M+H, 339.2 (lOO); M+Na, 361.1 (8) 
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(c) 'H NMR (400MH2) (CDCla): 8 2.49 (3H, s); 2.79 (3H, s); 2.90-3^0 (3H. 
br humps); 4.70-4.88 (4H. br humps ); 7.12-7.35 (lOH, br humps). MS ESI m/z (relative 
intensity): M+H, 378.2 (100); M+Na, 400.1 (15) 

(f) *H NMR (400MHz) (CDaj: 5 2.52 (3H, s); 2.67 (3H, s); 2.90 (3H, s); 
5 4.92 (2H, s); 6.89 (IH, s); 7.20 (2H, d); 7.28-7.35 (3H, m); 7.74 (IH, s). MS ESI m/z 
(relative intensity): M+H, 339.2 (100). 



EXAMPLE 4 




g 

10 2-(N-methyl-4-chloroanUino)-4-(2-methylimidazolyl)-6-methyl-5- 

nitropyrimidlDe (g). To a stirred, cold (-78 °C) solution of 2,4-dichloro-6-methyl-5- 
nitropyiimidine (207.5 mg, 1 .0 mmol, 1 .0 equiv.) in THF {225 xnL) and EtOH (2.25 mL) 
was added 2-methylimidazole ( 164 mg, 2.00 mmol, 2.0 equiv.) in a solution of EtOH 
(2.25 inL) dropwise. After 45 min., the diy ice bath was rqjlaced with a water ice bath 

15 and stirring was continued for an additional 2 h and 15 min.. 4-Chloro-N-methylaniline 
(0.485 mL, 4.0 mmol, 4.0 equiv.) was then added and the reaction solution was stirred for 
2 h and 40 mm,. Solvent was removed by evaporation and the residue was diluted wifli 
dichloromethane, washed three times with 0.1 M HCl, three times with saturated aqueous 
NaCI solution and dried over MgS04. Solvent was removed from the organic phase and 

20 the residue was purified by silica gel chromatography (1 :1 hexane/diethyl ether, 1% 
AcOH as eluant) to provide g (55.9 mg, 15.6%). 

(g) 'H NMR (400MHz) (CD3OD): 5 2.30 (3H, br s); 2.57 (3H. br s); 3.59 
(3H, s); 6.91 (IH, s); 7,02 (IH, s); 7.36 (2H, d); 7.44 (2H,d). MS ESI m/z (relative 
intensity): M+H, 359.1 (100). 
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EXAMPLES 




2-(N-methylanilino)-4-{2-inethylimldazolyl)-6-isopropyl-5- 
5 nitropyrimidine (h). To a stiired, cold (-78 *^C) solution of a (38.6 mg, 0.1 19 imnol, 1,0 
equiv.) in THF (0.5 mL) was added NaH (9.5 mg, 0.24 ramol, 2.0 equiv., 60% in oil). 
After stirring for 15 min., Mel (0.074 mL, 1.19 mmol, 10 equiv.) was added. The 
reaction was kept at -78 ^^C for 2 h, then stiired an additional 2.5 h at 0 "C. A small 
portion of acetic acid (0.25 mL) was poured into the flask and the brown mixture was 
10 evaporated to dryness. The residue was dissolved into dichloromethane, washed three 
times wifli water and three times with saturated aqueous NaCl solution. Solvent was , 
removed from the organic phase and the product was purified by silica gel 
chromatography (1:1 hexane/diethyl ether, 1% AcOH as eluant) to provide the target 
compound (13.3 mg 33%). 
15 (h) *H NMR (400MHz) (CDQa): 5 1 .20-1 .35 (6H, m); 2.29 (3H, br s); 3.24 

(IH, m); 3.62 (3H, s); 4.92 (2H, s); 6.89 (IH, br s); 7.03 (IH, br s); 7.30-7.40 (3H, m); 
7,71-7.48 (2H, m). MS ESI m/z (relative intensity): M+H, 353.1 (100). 
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EXAMPLE 6 

2*(N-beD2ylmetfaylamino)-4-<2-methyliiiudazoly0-6-ethyl-5-nitropyrimidine(]). 




d j 

2-(N-iDetbyIaDiliDo)-4-(2-metbylimidazoIyI)-6-i5opropyl-5- 
5 DitropyrimidiBe (j). To a stiired, cold (-78 solution of d (57-7 mg, 0.170 mmol in 
THF (0.5 mL) was added LiKXSiMeg)^, (0.17 mL, 0.17 mmol, l.O cquiv., l.OM/THF) 
dropwise. After stining for 1 0 min., Mel (0.1 06 mL, 1.70 mmol, 10 equiv.) was added 
dropwise. The reaction was kept at -78^C for 2 h and then stiued for an additional 3 h at 
0 ^C. A small portion of acetic acid (0.25 mL) was poiired into the flask and the brown 

10 mixture was evaporated to diyness. The residue was dissolved into dichloromethane, 
washed tbrec times with water, three times with saturated aqueous NaCl solution and ttie 
organic phase was evaporated to dryness. The target compound was obtained following 
silica gel chromatography (1:1 hexane/diethyl ether, 1% AcOH, 3% MeOH as eluant). 
Yield: 303 mg(50.4%). 

15 0) NMR (400MHz) (CD3OD): 6 1.26-1.41 (3H,m); 2.21 (1.5H,s); 2.45 

(1.5H, s); 2.86-2.94 (2^ m); 3.22 (1.5H, s); 3.35 (L5H, s); 4.93 (IH, s); 5.05 (lH,s); 6.91 
(0.5H, s); 6.94 (0.5H, s); 7.07 (0.5H, s); 7.12 (0.5H, s); 7.23-7.38 (5H, m). MS ESI m/z 
(relative intensity): M+H, 353.1 (100). 
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BXAMPLE7 




Me 



IO2 




k 



Z-(N^-diethylamino)-4-<2-methyliinidazoIyO-6-methyI*5-nitropyrimidine 
(k). To a cooled (-78** Q solution of 2,4-dichloro-6-methyl-5-iiitropyrunidine (208 mg, 

5 1 .0 mmol, 1 .0 equiv. in 2 mL each of EtOH and THF) was added 2.0 equiv. of 

2-inetbylimidazoIe in 2 niL of EtOH. The resulting mixture was stiired for 1 hr at -78^C, 
then for 2 hr at 0**C. Diethylamine (0.413 mL, 4,0 equiv.) was added dropwise and the 
reaction was stirred ovemigbt. The resulting mixture was diluted with dichloromethane, 
washed with 0.1 N HCl, saturated NaQ, dried (MgSOJ, and filtered. Sohrent was 

1 0 removed by evaporation and the residue was purified by silica gel chromatography to 
provide 35 mg of the target compound k. 

(k) NMR (400MHz, CDCI3): 6*1.15-1.23 (3H, m); 2.48 (3H, s); 2.53 (3H, 
s); 3.59-3.60 (2H, q); 3.68-3.70 (2H, q); 6.86 (IH, s); 6.95 (IH. s). MS ESI m/z (relative 
mtensity): M+H, 291.2 (100). 

15 In a similar manner, the following compounds were prepared using the 

indicated amine in place of diethylamine. Each was obtained as a yellow oiL 



2-(N-benzylbutylamino)-4-(2-methyllmida2olyl)-6-methyl-5- 
nitropyrimidine Compound m (N-butylbenzylamine) (m). 40 mg. 'H NMR 
20 (400MHz, CDCI3): 6 0.86-0.95 (3H, m); 123-1.38 (2H. m); 1.51-1.68 (2H, m); 2.52 (3H, 
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m): 3.52 (2H, t); 4.83 (IH. s); 6.80 (IH, s); 6.92 (IH, s); 7.13 (2H, d); 7^6-7.31 (3H, m). 
MS ESI m/z relative intensity: M+H, 381 .2 (100). 

2-(N-inethyIbut>iamino)-4-(2-methyliniidazolyl)-6-metbyl-5- 
nitropyrimidine Compound n (N-metbylbutylamine) (n). 68 mg. 'HNMR 
5 (400MHz, CDClj): 6 0.95 (3H, t); 1.32 (2H, m); 2.51 (3H, br s); 2.55 (3H, s); 3.15-3.24 
(3H. d); 3.58-3.72 (2H, t); 6.85 (IH, s); 6.95 (IH, s). MS ESI ra/z (relative intensity) 
M+H, 305.4 (100). 

2-(N,N-dibenz}iatnlno)-4-(2-methyIiinidazolyl)-6-metbyl-5- 
nitropyrimidine Compound o (Dibenzylamine) (o). 20 mg. 'H NMR (400MHz, 
10 CDCl,): 8 2.53 (3H, br s); 2.55 (3H. br s); 4.81 (2H, s); 4.96 (2H,s); 6.85 (IH, s); 6.95 
(IH, s). MS ESI m/z (relative intensity) M+H, 415.6 (100). 



Compound p (4-metbylpiperidine). 45 mg. 'H NMR (400MHz, CDClj): 6 
1.12-1.16 (3H, m); 2.46 (3H, s); 2.51 (3H, s); 3.40-3.47 (8H. m); 6.84 (IH, s); 6.99 (IH, 
15 s). MS ESI m/z (relative intensity): M+H, 317.1 (100). 

Compound q (N-(cyclopropylmetbyl)butylamine). 41 mg. 'HNMR 
(400MHz. CDQ,): S 0.23-0.64 (4H, m); 0.89-0.93 (3H, m); 1.18 (IH, t); 1.59-1.73 (2H, 
' m); 2.49-2.51 (3H, d); 2.54-2.55 (3H, d); 3.46-3.58 (2H, m). MS ESI m/z (relative 
intensity): M+H, 331.2 (100). 




P 



q 



20 
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EXAMPLES 




r 



2-(N-metbyIaniIiDoH*Py^roIidino-6-metfayI-5-iiitropyrimidine (r). To a 
cooled (-78 ^^C) solution of 2,4-dichloro-6-metliyl-5-mtropyrimidine (208 mg, I.O mmol, 

5 1 .0 equiv. in 2 mL each of EtOH and THF) is added 1 .1 equiv. of pyroUidine in 1 .0 mL of 
EtOa The resulting solution is stiired for 1 hr at -78 '^C, then for 2 br at 0 
N-methylaniline (0.432 mL, 4.0 equiv.) is added dropwise and the reaction is stirred 
overnight. The resulting mixture is diluted with dichloromethane, washed with 0.1 N 
HCl, saturated NaCl, dried (MgSOJ, and filtered. Solvent is removed by evaporation and 

10 tlie residue is purified by chromatography to provide the target compound r. 



EXAMPLE 9 




s 



2-(N-Methylbenzylamino)-4-(2-methylimidazolyl)-5-nltropyrimidine(s). 

15 To a solution of 2,4-dichloro-5-nitropyrimidine (200 rag, 1 mmol) in dioxane (5 mL) at 
80 ^^C was added 2-methylimidazole (85 mg, 1 mmol) and N-methylbenzylamine (133 
HL, 1 mmol). The solution was stirred ovcroight at 80 **C, cooled, and directly 
chromatogr^Dhed (1/1 hexane diethyl ether) to yield product. 

(s) NMR (400MHz) (CD3OD): 8 3.09 (s, 1.5H). 3.17 (s, 1.5H), 3.18 (s, 

20 1 .5H), 4,5-4.8 (m, 2H), 7.2-7.5 (m, 8H). 
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EXAMPLE 10 




Me 



.NO2 




Me 



.NO2 



2-(N-MethylaniIino)-4-(4-inethyIimida2olyl)-5-nitro pyritnidine (t). To a 
solution of 2,4-dichloro-6-methyl-5-nitropyriinidine (150 mg, 0.72 mmol) in dioxane (5 
5 mL) at 80 was added 4-inethyliniidazole (60 mg, 0.72 mmol) and.N-methylaniline (77 
mg, 0.72 mmol). The solution was stiired overnight at 80 cooled, and directly 
chromatographed (1/1 hexane diethyl ether) to yield product. 



(t) *H NMR (400MHz) (CD3OD): 5 2,37 (s, 3H), 2.74 (s, 3H), 3,30 (s, 3H), 
7.25-7.55 (m, 5H), 7.75 (s, IH), 9.31 (s, IH). 



2-(4-BenzyIpiperazine)-4-(2-methylimidazo]yl)-6-methyl*5-nitro 
pyrlmidine (u). To a solution of 2,4-dichloro-6-methyl-5-nitropyrimidine (175 mg, 0.84 
15 mmol) in dioxane (5 mL) at 80 ""C was added 2-metbyIimidazole (85 mg, 0.84 mmol) and 
1-benzylpipirazine (148 nL, 0.84 mmol). The solution was stirred overnight at 80 '^C, 
cooled, and directly chromatographed (1/1 hexane diethyl ether) to yield product. 



EXAMPLE 11 




N 



u 
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(u) 'H NMR (400MHz) (CD3OD): 5 2.42 (s, 3H), 2.60 (s, 3H), 3.38 (br s, 
4H), 3.80 (br s, 4H), 4.38 (s, 2H), 7.30-7.55 (m, 7H). MS ESI 347 m/e (relative 
intensity): M + H, 348.0 (100). 



EXAMPLE 12 




2-(4-triflaorometbyIbenzylaniino)-4-(2-metfayliniidazol-l-yl)-6-metbyl-5- 
nitropyrimidine (v). To a stirred mixture of 2-chloro-4-hydroxy-6-methyl-5- 
nitropyrimidine (300 mg, 1.58 mmol, 1.0 equiv.) in absolute ethanol (20 mL) was added 
4-(trifluoromethyl)ben2ylaniine (540 mg, 3.08 mmol, 1.95 equiv.), and sodium acetate 
(130 mg, 1 .58 mmol, 1 .0 equiv.). The mixture was slowly heated and the resulting 
solution refluxed for 22 h. The mixture was then cooled and ethanol was removed in 
vacuo. The oily residue was dissolved in ethyl acetate and washed three times with IM 
HCl, three times with saturated NaCl solution, then dried over MgS04. Removal of 
solvent provided a crude yellow solid intermediate which was dried under vacuum then 
dissolved in 4 mLofPOClj with heating (95-100**C) for 0.5 h. The POCI3 was removed " 
by rotary evaporation and the crude brown product was purified using chromatography 
(1:1 hexane/dichloromethane) to provide a chloropyrimidine intermediate (313 mg), 
which was carried on directly without additional purification. 

To a stirred solution of the above chloropyrimidine (150 mg, 0.43 nmfiol, 1,0 
equiv.) in acetonitrile (2.5 mL) was added methylimidazole (142 mg, 1.7 mmol, 4.0 
equiv.). The resulting mixture was heated to reflux for 5 h, cooled, and the solvent 
removed by rotary evaporation. The residue was dissolved in ethyl acetate, washed with 
O.IM HCl, HjO, brine and dried over MgS04 to give a crude yellow solid following 
removal of solvent. The solid was purified using chromatography with 2.5% 
MeOH/dichloromethane to give a yellow oil. A solid product was obtained by 
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precipitation from dichloromethane and hexane. Yield: 152.3 mg, 51% fioni die starting 
2-chlon)-4-hydroxy-6-methyl-5-nitropyriinidine. 

•H NMR (400MHz) CDCl, 8 2.28 (1.5H, s); 2.42 (1.5H, s); 2.55 (1.5H, s); 
2.58 (1 .5H. s); 4.71 (IH, d); 4.80 (IH, d); 6.67 (0.5H, br s); 6.80 (0.5H,br s); 6.88 (IH, d); 
5 6.96 (IH, s); 7.41 (IH, d); 7.49 (IH. d); 7.62 (2H, d). MS ESI m/z (relative intrasity: 
M+H 392.9 (100). 




EXAMPLE 13 




w 



1 0 2-(l-phcnyl-l-propylamIno)-4-(liiiida2oH-yI)-6-methyl-S- 

nitropjTimidine (w) using an alternate procedure for the addition of an imidazole group 
to the pyrimidine nucleus: To a stirred solution of 2-(l-phenylpropylainino)-4-hydroxy- 
6-methyl-5-nitropyrimidine (78 mg, 0^70 mmol, 1.0 equiv., prepared in a manner similar 
to that in Example 12 above) in pyridine (1 mL) was added trifluoroacetic anhydride (1 15 

15 nL, 0.812 mmol, 3.0 equiv.). The mixture was stirred for 15 min., then imidazole (184 
mg, 2/70 mmol, 10 equiv.) was added, and the mixture allowed to stir overnight Pyridine 
was removed by rotary evaporation and the dark residue was dissolved in ethyl acetate 
and washed wth O.IM HCl followed by brine. The crude sob'd obtained after removal of 
solvent was purified by chromatography 2.5% MeOH/CHjClj to give 36.1 mg (42%) of 

20 the title compound. 

NMR (400MHz) CDCI3 6 0.99 (3H, m); 1.73-2.02 (2H, m); 2.48 (3H, s); 
4.81 (0.66H, dd); 5.07 (0.33H, dd); 6.16 (0.66H, d); 7.02 (0.33H, d); 7.08-7.12 (2H,m); 
7.25-7.38 (5H, m); 7.89 (0.66H, s); 8.18 (0.33H, s). MS ESI m/z (relative intensity: M+H 
339.2(100). 
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EXAMPLE 14 

This example illustrates the synthesis of pyrimidine derivatives having an 
alkoxy group in the 2-position, exemplified by 2-(propyIoxy)-4-(2-methyIimidazoMyl>> 
6-methyl-5-Ditropyrimidine (x). 

To a flask charged with n-propanol (5 mL) was added NaH (128 mg, 3.19 
mmol, 2.0 equiv., 60% in oil) and the mixture was stirred under Nj for 10 min.. The 
resulting solution was transferred via cannula into a flask containing a solution of 2- 
chloro-4-hydroxy-6-methyl-5-nitropyrimidine (302 mg, 1.60 mmol, 1.0 equiv.) in n- 
pf opanol (5 mL). The resulting mixture was heated in an oil bath at 1 00 X for 1 h, 
poured into a separatory fimnel containing dilute HCl and extracted witii 
dichloromethane. The organic phase was sq)arated and washed with water, brine and 
dried over MgSO^ to give a crude solid (yield 297 mg) after removal of solvent. The . 
crude solid was heated in neat POCI3 (3 mL) for 6 min. at 85-90 cooled on ice, and 
the POClj was removed in vacuo. The chloropyrimidine intermediate was purified via 
chromatography to provide 1 17 mg of the intermediate which was converted to the title 
compound using methods described in Example 12. The product was obtained as a 
yellow oil (191 mg, 43% from 2-chloro-4-hydroxy-6-melhyl-5-nitropyrimidine). 

*H NMR (400MHz) CDCi, 5 1.04 (3H, t); 1 .86 (2H, dq); 2,52 (3H, s); 2.61 
(3H, s); 4.38 (2H, t); 6.90 (IH, d); 6.98 (IH, d), MS ESIra/z (relative intensity: M+H 
278.1 (100) 

EXAMPLE 15 

The compounds listed in Table 2 were prepared vising the procedures outlined 
in Examples 12-13. Compounds were tested in the CMV assay described above and 
exhibited the following levels of activity: +, IC«, > 500 nM; ++, 100nM<IC3o<500 
nM; +++,IQo< 100 nM. 
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R^ 
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R" 


R' 




R« 


R* 


m/z (m+l) 
ormpCQ 


IC 




H 


Me 


Me 


339.1 


++ 




H 


Me 


Me 


361.1 


++ 



EXAMPLE 16 

The compounds listed in Table 3 were prepared using the procedures outlined 
in Examples 12-14. Compounds were tested in the CMV assay described above and 
5 exhibited the following levels of activity: IC50 > 500 nM. 



TABLES 



cr^t^R'= 
r» 


R* 


R* 


R' 


m/z (m+l) 
orn^CQ 


IC50 


n-propyl (x) 


Me 


Me 
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+ 
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R* 
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EXAMPLP 17 




2-(2-indanamino)-4-(2-methyIiinidazoyl)-6-methyl-5-nitropyriinidine 
5 (17). 2-{2-Indanaiiiino)-4-chloro-6-methyl-5-mtropyriimdine (56 mg, 0.184 mmol, 1.0 
equiv) was dissolved in 2.0 mL EtOH followed by the addition of38 mg of 2- 
methylimidazole (0.463 mmol, 2.5 equiv). The resulting yellow solution was placed in an 
80 bath and allowed to stir for 24 h. The solution was then concentrated under 
reduced pressure. Purification by flash chromatogr^hy (SiOi, 2% MeOH/CHjClJ gave 
10 34 mg of the product as an amorphous yellow solid (0.096 mmol, 52%): mp 203-204 ®C 
NMR (CDCI3, 400 MHz, mixture of rotamers) 6 7.28-7.13 (m, 5 H), 6.99 
(s, 0.5 H), 6.96 (s, 0.5 H), 6.17 (d, J= 7.9 Hz, 0.5 H), 6.06 (d, J= 7.3 Hz, 0.5 H), 4.93 (m, 
0.5 H), 4.73 (m, 0.5 H), 3.45«3.34 (m, 2 H), 2.94 (dd, y = 4.8, 16.2 Hz, 1 H), 2.89 (dd, J= 
4.3, 16.0 Hz, 1 H), 2.71 (s, 1.5 H), 2.65 (s, 1.5 H), 2.63, s, 1.5 H), 2.53 (s, 1.5 H); MS: 
15 ESI(+) 351.2 (M + H*, rel. abund 100). Anal, calcd for CjgHijN^O^: C, 61.70; H, 5.18; N, 
23.99. Found: C, 61 .08; H, 5.22; N, 23.57. 

EXAMPLE 18 



20 




2-(2-iDdanamino)-4-imidazoIyI-6-methyl-S-nitropyrimidiDe (1 8). 2-(2- 
Indanamino)-4-chloro-6-methyl-5-nitropyrimidine (66.8 mg, 0.219 mmol, 1.0 equiv) was 
dissolved in 2.0 mL EtOH followed by the addition of 37 mg of imidazole (0.543 mmol, 
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2.5 equiv). Theyellowsolution was heated to 80 °C for 18 h. The solution was then 
concentrated under reduced pressure and purified by flash chromatography (SiOj, 2% 
MeOH/CHjCy to give 52.1 mg of the product as an amoiphous yellow solid (0.155 
mmol, 71%): mp 177-178 
5 'H NMR (CDCI3, 400 MHz, mixture of rotamers) 5 8.23 (s, 0.5 H), 8.16 (s, 

0.5 H), 7.28-7.1 1 (m, 6 H), 6.09 (broad s, 0.5 H). 5.91 (d, 7= 7.2 Hz, 0.5 H), 4.93 (m, 0.5 
H), 4.79 (m, 0.5 H), 3.40 (dd, J= 7.0, 15.9 Hz, 2 H), 2.91 (dd, J= 4.1, 15.8 Hz, 2 H), 2.56 
(s, 1 .5 H), 2.46 (s, 1 .5 H); ); MS: ESI(+) 337.1 (M + H*, rel. abund 100). Anal, calcd for 
C„H,,N,Oj: C, 60.71; H, 4.79; N, 24.99. Found: C, 60.29; H, 4.89; N, 24.69. 

10 

EXAMPLE 19 




F 

2-(4,6-difluoro-l-indanamino)^-imidazolyI-6-methyI-5-nitropyrimidiiie 
(19). 2-(4,6-Difluoio-l-indanamino}-4-chloro-6-niethyl-5-nitropyriinidine (56 rog, 0.1 64 

15 mmol, 1 .0 equiv) was dissolved in 2.0 mL EtOH followed by the addition of 28 mg 
imidazole (0.41 1 mmol, 2.5 equiv). The solution was heated to 80 ®C for 23 h. The 
solution was then concentrated under reduced pressure and purified by flash 
chromatography (SiOj, 2% MeOH/CH^aj) to give 35.5 mg of the product (0.095 mmol, 
58%) as an amorphous yellow solid, mp 175-176 ^^C. 

20 *H NMR (CDQa, 400 MHz, mixture of rotamers) 8 8.09 (s, 0.5 H), 8.06 (s, 

0.5 H), 7.26-7.10 (m, 2 H), 6.82 (dd, 7= 7.6, 1 1.6 Hz. 1 H), 6.72 (dd, J= 8.8, 8.8 Hz, 1 
H), 5.95 (broad s, 0.5 H), 5.82 (d, 8.4 Hz, 0.5 H), 5.72 (m, 0.5 H), 5.56 (m. 0.5 H), 
3.05 (m, 1 H), 2.87 (m, 1 H), 2.73 (m, 1 H). 2,55 (s, 1.5 H), 2.49 (s, 1.5 H), 1,98 (m, 1 H); 
); MS: ESI(+) 373.1 (M + H*, rel. abund 100). Anal, calcd for C,^,JB^fiv C. 54.84; 

25 H, 3.79; N, 22.57. Found: C, 54.95; H, 3.76; N, 22.32. 
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CH3 




F 

2-(4,6-difluoro-l-indanamino)-4-(2-methyliraida2olyl)-6-methyl-S- 
5 nitropyriinidine (20). 2-(4,6-Difluoro-l-LDdanamino>4-chloro -6-methyl-5- 



heated to 80 °C with stirring for 26 h. The solution was then concentrated under reduced 
pressure and purified by flash chromatography (SiOj, 2% MeOH/CHjaj) to give 42.6 mg 

10 of the product (0.1 10 ramol, 67%) as an amoiphous yellow solid, mp 164-165 °C. 

NMR (CDCI3, 400 MHz, mixture of rotamers) 5 6.98 (s, 1 H), 6.90 (s, 1 
H), 6.81 (m, 1 H), 6.71 (m, 1 H), 5.87-5.81 (m, 1 H), 5.73 (m, 0.5 H), 5.54 (m, 0.5 H), 
3.05 (m, 1 H), 2.82 (m, 1 H), 2.70 (m, 1 H), 2.60 (s, 1.5 H), 2.53 (s, 1.5 H), 2.51 (s, 1.5 
H), 2.46 (s, 1.5 H), 1.98 (m, 1 H); ); MS: ESI(+) 387.1 (M + IT, tel. abund 100). Anal. 

15 calcd for C^fi^^^^fir C, 55.96; H, 4.17; N, 21.75. Found: C, 56.15; H, 4.59; N, 
20.71. 



nitrop>Timidine (56 mg, 0.164 mmol, I.O equiv) was dissolved in 2.0 mL EtOH followed 
by the addition of 34 mg 2-methylimidazole (0.414 mmol, 2.5 equiv) and the solution was 



EXAMPLE 21 




20 



2-(4,6-difluoro-l-indanamino)-4-(2-ethylimida2olyI)-6-methyl-5- 
nitropyrimidine (21). 2-(4,6-Difluon)-l-indanamino)-4-chloro -6-methyl-5- 
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nitropyrimidine (S6 mg, 0.164 mmol, 1.0 equiv) was dissolved in 2.0 mL EtOH followed 
by the addition of 39 mg 2-ethylimidazole (0.406 mmol, 2.S equiv) and the solution was 
heated to 80 ®C for 23.5 h. The solution was then concentrated under reduced pressure 
and purified by flash chromatography (SiOj, 2% MeOH/CHjaa) to give 39.6 mg of the 
S product (0.099 mmol, 60%) as an amorphous yellow solid, mp 88-89 X. 

'H NMR (CDCI3, 400 MHz, mixture of rotamcrs) 5 7.02 (s, 1 H), 6.88 (s, 1 
H), 6,81 (m, 1 H), 6.72 (m, 1 H), 5.85 (d, J= 9.0 Hz, 0.5 H), 5.81-5.70 (m, 1 H), 5.55 (m, 
0.5 H), 3.04 (m, 1 H), 2.86-2.64 (m, 4 H), 2.60 (s, 1.5 H), 2.53 (s, 1.5 H). 1.98 (m, 1 H). 
1.29 (t. y= 7.5 Hz, 3 H); MS: ESI(+) 401.1 (M + H*, rel. abund 100). Anal, calcd for 
10 C.sHiaFjNA-- C, 57.00; H, 4.53; N, 20.99. Found: C, 56.93; H, 4.50; N, 20.71. 



EXAMPLE 22 




2-(2-indanamino)-4-(2-metfayIimidazoyl)-6-methyI-5-nitropyrimidinium 
15 hydrochloride (22). 2-(2-Indanamino)-4-chloro-6-methyl-5-nitropyriniidme (310 mg, 
1.02 mmol, 1.0 equiv.) was dissolved in 7 mL EtOH followed by the addition of 600 mg 
2-methylimida2ole (7.31 rmnol, 7.19 equiv.). The resulting yellow solution was then 
heated to 80 ^'C with magnetic stirring. After 24 h the solution was concentrated under 
reduced pressure and purified by flash chromatography (SiOj, 2% MeOH/CHjClJ to give 
20 303.6 mg of the free base as a yellow solid (0.867 mmol). The yellow solid was then 
dissolved in 3 mL anhydrous THF followed by the addition of 2 mL (8.0 mmol, 9.2 
equiv.) of a 4,0 M solution of HCl in 1,4-dioxane. A precipitate was immediately formed, 
and the resulting slurry was allowed to stir for 10 min. The sluiry was then concentrated 
under reduced pressure, taken up in 3 mL THF, and concentrated again. The resulting 
25 yellow solid was recrystallized from hot EtOAc to give 1 79 mg of the pyridinium 
hydrochloride as light yellow needles (0.462 mmol, 45%). mp 1 84-185 ""C. 

*H NMR (CD3OD, 400 MHz, mixture of rotamers) 5 7.76 (d, /= 2.2 Hz, 0.5 
H), 7.71 (d, 2.2 Hz, 0.5 H), 7.64 (d, 2.2 Hz, 0.5 H), 7.61 (d, J= 2.2 Hz, 0.5 H). 
. 7.22 (m, 2 H). 7.15 (m, 2 H), 4.92 (m, 0.5 H), 4.72 (m, 0.5 H), 3.41-3,31 (m, 1 H), 2.97 
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(m, 1 H), 2,73 (s, 1.5 H), 2.72 (s. 1.5 H), 2.68 (s. 1.5 H), 2.65 (s, 1.5 H). Anal, calcd for 
CisH.gNA-HCl: C, 55.89; H, 4.95; N, 21.73; CI, 9.16. Found: C, 55.89; H, 5.00; N, 
2L56;C1.9.14. 

EXAMPLE 23 




2-(97ii-2HethylcycIohex}1amiDo)-44inidazolyI-6-methyI-5-Ditropy^^ 
2-<ir)«-2-Ethylcyclohexylamino)-4-ch!bro-6-methyl-5-nitropyri (58.6 mg, 0.196 
mmol, 1 .0 equiv.) was dissolved in 2.0 mL EtOH followed by the addition of 53 mg 
1 0 imidazole (0.778 mmol, 4.0 equiv.). The resulting yellow solution was then heated to 80 
with magnetic stiuing. After 20 h the solution was concentrated under reduced 
pressure and purified by flash chromatography (SiOj, 2% MeOH/CHjaj to give 39.5 mg 
of the product (0.120 mmol, 61%) as an amorphous yellow solid, mp 123-124 °C. 

'H NMR (CDCI3, 400 MHz, mixture of rotamers) 5 8.22 (s, 0.5 H), 8.17 (s, 
15 0.5 H), 7.39-7.27 (m, 2 H), 5.92 (d. J= 7.8 Hz, 1 H), 4.57 (m, 0.5 H). 4.42 (m, 0.5 H), 
2.65 (s. 1.5 H), 2.61 (m, 1.5 H), 2.02 (m, 1 H), 1.87-1.34 (m, 10 H), 1.02 (t,y- 7.0 Hz, 3 
H); MS: ESI(+) 331.2 (M + H", rel. abund 100). Anal, calcd for C^fl^Hfii' C, 58,17; 
H, 6.71; N, 25.44. Found: C. 58.01; H, 6.79; N, 25.30. 

20 EXAMPLE 24 

The compounds listed in Table 4 were prepared using the procedures outlined 
in Examples 17-23. Compounds were tested in the CMV assay described above and 
exhibited the following levels of activity: +, IC50 > 500 nM; ++, 100 nM < IC50 < 500 
nM; +++,IC5o<100nM. 
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TABLE 4 
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EXAMPLE 25 

The compounds provided in this example were prepared using procedures 
outlined above. The starting materials are available as described above, or from 
commercial sources. 
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H3C 




CH3 " 

2-(N-2-fran5-methylcydohexylaiiiino)-4-(2-metbyliinidazolyI)-6-inetbyl-S- 
Ditropyrimidine (25.1). 125mg. 'H NMR (400MHz, CDQ,): 8 0.92(1.5H, d, J=7.2Hz); 
0.94(1.5H. d, J=7.2Hz); 1.00-1 J0(5H, m); 1.31-I.41(1H, m); 1.74-1.82(2H, m); 1.94- 
5 1.96(1H, m); 2.39(1.5H, s); 2.47(1.5H, s); 2.48{1.5H, s); 2.53(1.5H, s); 3.52(0.5H, dq, 
J=4.0, 9.8Hz); 3.69(0.5H, dq, J=4.0, 9.8Hz); 5.86(0.5H, d, J=9.2Hz), 5.98(0.5H, d, 
J=9.2Hz); 6.86(1H, s); 6.93(0.5H, s); 6.95(0.5H, s). MS SEI m/z relative intensity:M+H. 
331.2(100) 




o At 

1 0 2-(N-2-c&-methyIcyclobexylaimno)-4-(2-inetliyllinidazoIyI)-<i-mef byl-S- 

nitropyrimidine (25.2), 85mg. 'H NMR (400MHz, CDCI3): 5 0.93(3H, d, J=7.2Hz); 
1.22-1.41(3H, m); 1.4S-1.68 (4H, m); 1.71-1.78(1H, m); 1.95(1H, m); 2,44(1 .5H, s); 
. 2.51(3H, s); 2.57(1.5H, s); 4,13(0.5H, m); 4.28(0.5H, m); 5.68(0.5H, d, J=9.0Hz), 
5.59(0.5H, d, J=9.0Hz); 6.87(1H, s); 6.94(0.5H. s); 6.96(0.5H, s). MS SEI m/z relative 

1 5 intensity Jd+H, 331 .2(1 00) 

2-(N-2-ri-an5^metbylcyclobexy]ainino)-4-imidazoIyI-6-methyl-S- 
nitropyrimidine (25.3). 48mg. 'H NMR (400MHz, CDCl,): 8 0.96(3H, d, J=6.5Hz); 
1.1 1-1.29(3H, m); 1.33-1.39(2H, m); 1.70(1H, m); 1.75-1.83(2H, m) 2.05(1H, dd, J=2.8, 
20 13.4Hz); 2.45(1.5H, s); 2.50(1.5H, s); 3.54(0.5H, dq, J=4.0, 9.8Hz); 3.70(0.5H, dq, J=4.0, 
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9.8Hz); 5.43(0JH, s), 5.46(0JH, s); 7.12(0.5H, s); 7.15(0.5H. s); 7.17(0.5H, s); 
7.18(0.5H. s): 8.04 (0.5H, s); 8.08(0.5H. s). MS SEI m/z relative intensityM+H. 
317.2(100) 



2-(N-2-cif-meUiylcyclohex)'laniino)-4-iinidazolyl-6-methyl-S- 
nitropyrinildine(25.4). 62mg. 'H NMR (400MHz, CDCI3): 8 0.93(3H, d, J=7.2Hz); 
1.22-1.41(3H, m); 1.48-1.68 (4H, m); 1.76-1.82(1H, m); 1.94-1.99(1H, m); 2.48(1.5H, s); 
2.52(1.5H, s); 4.15(0.5H, m); 4.29(0.5H, m); 5.65(0.5H, d, J=7.6H2), 5.73(0.5H, d, 
J=7.6Hz); 7,16(1H, s); 7.21(1H, s); 8.04(0.5H, s); 8.10(0.5H. s). MS SEI m/z relative 
intensityiM+H, 317.2(100) 



nitropyrimidine (25.5). 48mg. 'H NMR (400MHz, CDCI3): 5 0.93(1.5H, d, J=6.8Hz); 
1.00(1.5H, d, J=6.8Hz); 1.22(1H, m); 1.83-1.88(1H. m); 1.93-2.00(1H. m); 2.12(1H, m) 
2.27(1H, m); 2.44(1.5H, s); 2.49(1.5H, s); 3.93(0.5H. dq, 1=1.2, 7.2Hz); 4.08(0.5H, dq 
J=1.2, 7.2Hz); 5.51(0.5H, d, J=7.0Hz), 5.60{1.5H, m); 5.68(0.5H, m); 7.13(1H, s); 
7.16(1H, s); 8.00(0.5H, s); 8.07(0.5H, s). MS SEI m/z relative intensity:M+H, 315.2(100) 



2-(N-2-c/s-ine(hyM-cyclohexeDyIamino)-4-iniidazolyl-6-inethyI-5- 
nitropyrimidine (25.6). 56mg. 'H NMR (400MHz, CDQJ: 8 0.96(3H, d, J=6.8Hz); 

74 





2-(N-2-franf-n)ethyl-4-cycIobexeDylamino)-4-imidazoIyl-6-metbyl-5- 
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1.26(1H. m); 1.84-1.92(1H, m); 2.10-2.18(1H, m); 2^7(1H. m) 2.42(1H, m); 2.47(1.5H. 
s); 2.51(1 .5H, s); 4.32(0.5H. m); 4.47{0.5H. m); 5.63(1H, s), 5.72(1H, s); 5.79(0.5H, d, 
J=9.0Hz); 5.88(0.5H, d, J=9.0Hz); 7.13(0.5H, s); 7.15(0.5H, s); 7.17(0.5H,s); 7.21(0.5H, 
s); 8.03(0.5H, s); 8.08(0.5H. s). MS SEI m/z relative intensity:M+H, 315.2(100) 



nitropyrimidine (25.7). 206mg. 'H NMR (400MHz, CDCIJ: 8 0.93(1.5H,d,J=€.5Hz); 
0.96(0.5H,d,J=6.5Hz); 1.01-1.12(lH.m); 1.33-1.41(111, m); 1.45-1.54(lH,m); 1.60- 
1.83(5H, m); 2.40(1.5H, s); 2.49(1.5H, s); 2.50(1.5H, s); 2.56(1.5H, s); 4.19(0.5H, m); 
10 4.32(0.5H, m); 5.98(0.5H, d, J=6.0Hz), 6.03(0.5H, d, J=6.0Hz); 6.88(1H, s); 6.96(1H, s). 
MS SEIm/z relative mtensity:M+H, 331.2(100) 



2-(N-3-c&-metbyIcyclobexylain]no)-4-iiiiidazolyI-6-inethyl-5- 
nitropyrimidloe (25.8). 62mg. 'H NMR (400MHz, CDCl,): S 0.90(3H, d, J^JHz); 
15 1.08(1H. m); 1.29-1,38(1H. m); 1.42-1.52(1H, m); 1.60-1.70(1H, m); 1.76(1H, m); 1.92- 
2.03(4H, m); 2.36(1. 5H, s); 2.46(1. 5H. s); 2.49(1 .5H, s); 2.54(1 .5H, s); 3.73(0.5H, m); 
3.91(0.5H, m); 6.06(0.5H, bs). 6.22(0.5H, bs); 6.85(1H, s); 6.93(1H, s). MS SEI m/z 
relative iiitensity:M+H, 33 1 .2(1 00) 



(25.9). 43mg. 'H NMR (400MH2, COa,): 5 1.39(2H, m); 1.53(2H, m); 1.74(2H. m); 




2-(N-3-/rajis-nietbylcydohexyIainino)-4-iinidazoIyI-6-methyl-5- 





2-cycIobexylainino-4-(2-metbyIiinidazolyI)-6-metbyl-5-nitropyriiiiidiDe 
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1.90(2H, m); 2.15(2H, m); 2.58(1.5H, s); 2.65(1.5H, s); 2.67(1.5H, s); 2.72(1.5H. s); 
3.95(0.5H, m); 4.10(0.5H, m); 5.68(0.5H. d, J=4.0Hz), 5.79(0.5H, d, J=4.0H2); 7.03(1H, 
s); 7. 1 2(1H. s). MS SEI m/z relative mtensity.M+H, 3 17.2(100) 



(25.1 0). 43mg. 'H NMR (400MHz, CDQ,): 8 0.93-1 .03(2H, m); 1.12-1 28(3H, m); 
1.50-1.61(1H, m); 1.53-1.80(5H, m); 2.44(1.5H, s); 2.50(1.5H, s); 3.31(2H, dt, J=6.5, 
24Hz); 5.88(0.5H, bs); 6.40(0.5H, bs); 7.10(0.5H, s); 7.13(1 .5H, s), 7.19(0.5H, s); 
8.07(1H, s). MS SEI m/z relative intensitydvl+H, 317.2(100) 



2-(QrcIohexylmetliyQaiDino-4-^meth]ilaiidazolyl)-6-meaiyl-S- 
nitropyrimidine (25.1 1). 43mg. 'H NMR (400MHz, CDCl^: 6 0.96(2H, m); 1 .14- 
130(4H. m); 1.55(1H. m); 1.67(1H. m); 1.67-1.80(5H, m); 2.39(1.5H, s); 2.47(1.5H. s); 
2.49(1.5H, s): 2.54(1.5H, s); 3.25(0.5H, t, J=6.3Hz); 3 J5(0.5H, t, J=6.3Hz); 6.02(1H. bs), 
6.86(1H, s); 6.95(1H, s). MS SEI m/z relative intensityJkl+H, 331.2(100) 



2-cyclopeDtyIamino-4-(2-methyIiiiiidazoIyO-6-methyl-S-nitropyriniidine 
(25.12). 25mg. 'H NMR (4G0MHz, CDCl,): 8 1.21(1H, m); i;49(lH, m); 1.60-1.78(4H, 
m); 2.38(1.5H, s); 2.47(1.5H, s); 2.55(1.5H, s); 4.21(0.5H, m); 4.37(0.5H, m); 5,86(0.5H, 




2-cyclohexylmetbyaiiiiiio-4-imidazolyl-6-methyI-5-Ditropyriinidiiie 
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d, J»4.2Hz): 5.98(0.5H, d, J»4.2Hz); 6.86(1H, s); 6.9S(1H. s). MS SEI m/z relative 
mteasity:M+H, 303.2(100) 



10 



0 



2-(N-(4-methylcyclohexyI)ainiiio)-4-iini(lazoIyI-6-niethyl-5- 
nitropyrimidinc(2S.13), 28mg. 'H IJMR (400MHz, CDQ,): 81. 03 (1.5H,d,J=6.2Hz); 
1.06(1.5H,d, J=6:2Hz); 1.08(lH,in); 1.15-1.28(lH,m); L30-1.42(2H,iii); 1.43-1.55(1H, 
m); 1.70-1.84(4H, m); 1.85-L96(2H, m); 2.18(1H, m); 2.54(1.5H, s); 2.64(3H, s); 
2.69(1 .5H, s); 3.84(0.5H, m); 4.02(0.5H, m); 5.97(0.5H, bs), 6.11(0.5H. bs); 7.01(1H, s); 
7.10(1H, s). MS SEI miz relative intensity:M+H, 331.1(100) 

EXAMPLE 26 

This example iQustrates the synthesis of two salts of Compound 1, according 
to the route shown in Figure 16. 

OH 01 a 

N'^N POCIa N"^N NaOAc N'^N 

Hac/^f^OH HaC^^^f^a AcOH HaC^^^V^OH 

NO2 NO2 E*OH 



15 

26J 2-chIoro-4-hydroxy-6-methyI-5-nitropyrimidine (7)« A 5 L flask 
was charged with tetraethylammonium chloride (590 g) which was then heated at 60 
under vacuum for 22 h to remove any water. The flask was then charged with 3 L 
anhydrous CH3CN, 2,4-dihydroxy-6-methyl-5-nitropyrimidine (295 g, 1.724 mol, 1.0 

20 equiv.), dimethylaniline (221 mL, 2.98 mol, 1.74 equiy.), and 1 L POCI3 (18.5 mol, 10.73 
equiv.). The flask was equipped with a condense and the temperature was increased to 
80 X under Nj. After stirring for 29 h the hot black solution was poured onto 14 L ice 
and allowed to stir for 30 min while a yellow precipitate formed. The suspension was 
filtered, and the solid was washed 3 x 1.0 N HCl to give 247.3 g of dichloropyrimidine 

25 product. The aqueous solution from the filtration was extracted (3 x CHjClj), dried 

77 



wo 02/064096 PCT/US02/04920 

(Na^SOJ and concentrated under reduced pressure. The resulting green oil was purified 
via flash chromatography (SiO,, 1:1 hexanesrCHjCy, and the resulting light green solid 
was crystallized fiiom hot hexanes. The crystals were washed with hexanes to give an 
additional 63.58 g of the yellow product. The combined yield of the dichloropyrimidine 
S product was 310.88 g (1.49S mol, 87%). 

The dichloropyrimidine prepared in the manner described above (150.0 g, 721 
mmol) was dissolved in 3 L EtOH and cooled to 0 ^C. In a separate flask woe combined 
910 mL H20, 922 mL AcOH, and 90 g NaOAc. The aqueous solution was then added 
dropwise to the dichloride solution via dropping funnel over a period of 2 h. The solution 

10 was allowed to stir for 24 h by which time a light yellow prec^)itate was formed. The 
solid product was filtered off and the aqueous solution was set aside. The solid product 
was washed (3 x 200 mL EtOH) to give 70.3 g of the product as a fluffy light yeUow 
solid. The aqueous solution was recooled to 0 °C foOowed by the addition of an 
additional 140 g dichloropyrimidine (673 mmol) and 84.5 g NaOAc. The resulting sluny 

1 5 was allowed to stir a further 24 h, at which time an additional 120.87 g of product was 
obtained via filtration as above. The remaining aqueous solution was allowed to stir at 0 
for an additional 24 h, followed by filtration as above to give an additional 24.03 g 
. product. Total product recovered was 215.2 g (1.135 mol, 79%) as a white solid: mp 
242-244 °C (dec); JR (KBr) 3349, 1657, 1600, 1507, 1419, 1352, 1276, 1188, 1 100, 998, 

20 945, 799, 696, 624 cm-1; 'H NMR (CDCI3, 400 MHz) 5 1 .53 (s, 3 H); ESI-MS nz/fe 212.0 
(M+Na*). 

DEtOH 

2)NaBH4 ^ CH3 

26.2 N-Benzyl-L-alaninol (2). (S)-2-Aminopropanol (300 g, 3.994 mol, 1.0 
equiv.) was dissolved in 3.0 L of anhydrous EtOH in a 5 L three neck flask under Nj. 

25 Benzaldehyde (406.05 mL, 3.994 mol, 1.0 equiv.) was added in one portion, and the 
slightly warm solution was allowed to stir for 2.5 h. The solution was then cooled to 0 
in an ice bafli, followed by the addition of 196.5 g NaBH4 (5,194 mol, 1.3 equiv.) over a 
period of 20 min. After stming for 20 h 521 mL HjO was added via addition fimnel ova: 
a period of 60 min. The resulting white sluny was then diluted with 3.0 L CHjQj 

30 stirred for an additional 5 h. The sluny was then filtered, and the solids were washed 
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with three portions of CHjClj. The clear solution obtained from the filtration was thai 
concentrated under reduced pressure to a volume of --800 mL. The solution was then 
diluted with 2 L HjO, extracted (3 x 1.4 L CHjClJ, dried (NajSO^), and concentrated 
under reduced pressure to give a (hick colorless oil, which quickly crystallized upon 

5 standing. The white solid was triturated with 1.0 L hexanes, filt^ed, and washed with 
hexanes (3 x 500 mL) to give the pure product as a white solid 648,65 g (3.926 mol, 
98%): mp 39-40 ^'C; [aW = +38.5* (c = 1.04, MeOH); IR (KBr) 3293, 3060, 3024, 
2957. 2911, 2844, 1495, 1453. 1380, 1347, 1149. 1061, 965, 935, 873, 779, 746, 699, 611 
an-'; 'H NMR (CDQ,, 400 MHz) 5 7.32 (m, 3 H), 7^6 (m, 2 H), 3.88 (d, J= 12.8 Hz, 1 

10 H). 3.75 (d, •/= 12.8 Hz, 1 H), 3.61 (dd, J= 4.0, 10.6 Hz, 1 H), 3.28 (dd, 7= 7.0, 10.6 Hz, 
1 H), 2.86 (ddddd, J= 4.0, 6.6 x 3. 6.9 Hz, 1 H). 1.78 (broad smglet, 2 H). 1.10 (d, J= 6.2 
Hz, 3 H); ESI-MS m/z 166,2 (100, M+H*). Anal. Calcd for CjoHjjNO: C, 72.68; H, 9.15; 
N, 8.48. Found: C, 72.85; H. 9.06; N, 8.55. 



EtgN ^ ^ 5H3 

3 4 



15 

26.3 SS-N-BeQzyImorpbolin-3-one (4). A 12 L three neck flask 
equipped with mechanical stirrer was charged with 648.65 g of N-benzyl-L-alaninol 
(3.926 mol, 1 .0 equiv.) and 4.0 L CHjClj . The solution was cooled to -iCC in a 
methanol-ice bath followed by the addition of 547 mL Et^N (3.926 mol, 1 .0 equiv.). 

20 Chloroacetyl chloride (3 12.2 mL, 3.926 mol, 1 .0 equiv.) was dissolved in 700 mL CH^Clz. 
and the chloride solution was added dropwise via addition funnel resulting in a cloudy tan 
solution. The solution was stirred for 1 h, and was then diluted with 3 L HjO. After 
stirring r£q>idly for 5 min, the layers were separated, and the water layer was extracted (3 x 
700 mL CHjCy. The combined organics were washed (1 x 2 L H^O), dried (500 g 

25 NajSO^), and concentrated under reduced pressure to give amide 3 as a light red viscous 
oil, which was used directly in the cyclization step. 

A 12 L flask equipped with a reflux condenser and mechanical stirrer was 
charged with 94.22 g NaH (3.92 mol, 1.0 equiv., Aldrich 95%) foDowed by 3.0 L 
anhydrous THF. The 2-chloroamide from above was dissolved in 3.0 L anhydrous THF 
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and transferred via cannula to the NaH solution over a period of 25 min. The slurry was 
then slowly heated to 65 ^'C over 60 rain. After stirring for 4.5 h at reflux, the sodiiun 
hydride was then quenched by the slow addition of 100 mL HjO in 1 00 roL THF via 
dropping funnel. The heating mantle was then removed, and the reaction was allowed to 
5 cool down with stirring overnight. The majority of the THF was removed under reduced 
pressure, and the resulting slurry was diluted with 3 L CHjClj. The solid salts were 
filtered off, washed (3 x CHjCy* and discarded. The resulting clear solution was diluted 
with 3 L HjO, and extracted (5 x 700 mL CHClj). The combined organics were dried 
(Na3S04 ), and concentrated under reduced pressure. Purification by flash 

10 chromatography (SiOj, 100% CH^Clj to 5% MeOH/CHaCIj) gave the product as a 

colorless oil 594.92 g (2.90 mol, 74%). [a]^ ^ = -90 ^ (c = 1 .0, McOH); 'H NMR (CDa,, 
400 MHz) 5 7.36-7.24 (m, 5 H), 5.38 (d, J = 15.4 Hz, 1 H), 4.29 (d, J = 16.5 Hz, 1 H), 
4.23 (d, J = 16.8 Hz, 1 H), 3.97 (d, J = 15.0 Hz, 1 H), 3.75 (dd, J = 3.3, 11.7 Hz, 1 H). 
3.64 (dd, J = 3.3, 1 1.7 Hz, 1 H), 3.56 (m, 1 H), 1 .28 (d, J = 6.2 Hz, 3 H); ESI-MS m/z 

15 206.1 (100, M+ff), 228.2 (45, M+Na*). Anal. Calcd for CaHj^NOj: C, 70.22; H, 7.37; 
N, 6.82. Found: C, 70.16; H. 7.39; N, 6.83. 

^-^^O >-iAIH4 (^O 

4 g CH3 



26,4 3S-N-Benz>1-3-methyImorpholine (5). A 12 L three neck flask 
20 equipped wth mechanical stirring device, heating mantle, and reflux condenser was 
charged with 220.14 g 95% LiAlR, (5.80 mol, 2.0 equiv.) followed by 5.2 L anhydrous 
THF under Nj. The gray slurry was allowed to stir for 30 min. The N-Benzylmorpholin- 
3-one 4 (594.92 g, 2.90 mol, 1.0 equiv.) was dissolved in 2 L THF, and added via 
addition funnel over the course of 3 .5 h. The solution was then heated to reflux and 
25 allowed to stir at reflux for 19.5 b. The solution was then cooled to rt, followed by the 
careful addition of 220 mL Bfi in 665 mL THF via addition funnel over a period of 14 h. 
When all evolution of gas was stopped, 220 mL 15% NaOH was added, followed by 660 
mL H2O. The white slurry was then stirred for 56 h. The slurry was filtered through a 
fiitted funnel, and the solids were washed (5 x 600 mL Eifi), The clear ethereal solution 



80 



wo 02/064096 



PCT/US02/04920 



was then concentrated under reduced pressure to give the product as a colorless oil 509.04 
g (2.66 mol, 92%). [af o = +94.5° (c =1.10, MeOH);'H NMR (CDQa , 400 MHz) 5 
7.22-7.35 (m, 5 H), 4.06 (d, J = 13.2 Hz, 1 H), 3.72 (m, 2 H), 3.59 (ddd, J = 2.6, 10.3, 
1 1 .3 Hz, 1 H), 3.31 (dd, J = 9.2, 1 1.3 Hz, 1 H), 3.14 (d, J = 13.5 Hz, 1 H), 2.59 (ddd, J = 
2.6, 2.9, 12.1 Hz, 1 H), 2.49 (m, 1 H), 2.19 (ddd, J = 3.3, 9.9, 12.1 Hz, 1 H), 1.09 (d, J = 
6.2 Hz, 3 H); ESI-MS m/z 192.2 (100, M+H^. Anal. Calcd for C.^Hj^O: C, 75.35; H, 
8.96; N, 7.32, Found: C, 75.48; H, 8.96; N, 7.23.' 

Ha. Pd/C 

5 g 



10 26.5 3S-3-MethyImorpboIuie (6). 3S*N-Benzyl-3-metfayl-moipholine 

(130.0 g, 680 mmol, 1.0 equiv.) was dissolved in 200 mL EtOH and transferred to a Parr 
vessel. 10.0 g of Pd/C (10 wt % Pd) was added, and the Pair flask was sealed and 
subjected to hydrogenation on a Parr shaker at 62 PSI. Hydrogen pressure was adjusted 
periodically throughout the hydrogenation to maintain 60 PSI. After 44 h, the 

1 5 hydrogenation was stopped and the vessel was purged with nitrogen. The solution was 
filtered through a plug of Celite, and the ethanolic solution was used directly in the next 
step. 




7 8 



20 26.6 2-(3S-3-methylinorpholino)-4-hydroxy-6-methyI-5- 

nitropyrimidine (8). To the ethanolic solution of 3S-3-methylmorpholine 6 prepared 
above (-680 mmol, 3.2 equiv.) in a 1 L flask under was added 2-chloro-4-hydroxy-6- 
methyl-5-nitropyrimidine (40.0 g, 21 1 mmol, 1.0 equiv.) and 17.30 g anhydrous NaOAc 
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(21 1 irunol, 1.0 equiv.). The flask containing the light yellow sluny was equipped with a 
condenser and placed into a preheated oil bath at 80 **C. After 24 h an additional 17.3 g 
NaOAc(211 mmol, 1.0 equiv.) and 3S.0gpotassium iodide (211 nunol, 1.0 equiv.) was 
added to the bright orange slurry. After heating for an additional 21 h the flask was 

S removed and the solution was allowed to cool to rt. The suspension was then filtered, and 
the solids were washed (3 x 50 mL EtOH). The combined efhanol solution was then 
concentrated to ~100 mL under reduced pressxire and diluted with O.S N HG until the pH 
was ~2. The solution was extracted (3 x 500 mL CHjCy. washed with 1 .0 N HQ, dried 
(Na2S04), and concentrated under reduced pressure to gjve the crude yellow solid. 

1 0 Purification via flash chromatography (SiOj, 2-4% MeOH/CHjClj ) gave the product as a 
yellow solid 40.86 g (160.8 mmol, 76%): rap 179-180 '^C; [a]^j, = +135.1*' (c = 1,04, 
MeOH); IR (KBr) 3439, 3121, 2976, 2861, 1669, 1577, 1506, 1389, 1336, 1263, 1 136, 
1067, 982, 915, 846, 796 cm-1; NMR {C3DCI3, 400 MHz) S 7.37 (d, J = 3.7 Hz, 1 H), 
4.72 (m, 1 H), 4.45 (m. 1 H). 4.02 (dd, J = 3.7. 1 1.4 Hz, 1 H), 3.80 (d, J = 12.1 Hz, 1 H), 

15 3.67 (dd, J = 2.9, 1 1.7 Hz, 1 H), 3.53 (ddd, J = 2.9, 1 1.7, 12.1 Hz. 1 H), 3.36 (ddd, J = 3.7, 
12.8, 13.5 Hz, 1 H), 2.58 (s, 3 H), 1.59 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 255.1 (100, 
M+H+). Anal. Calcd for C,oH,4NA: C, 4724; H, 5.55; N, 22.04. Found: C, 47.14; H, 
5.48; N, 22.15. 




NO2 NO2 
8 9 



20 26. 7 2-(3S-3-methylmorpholino)-4-chloro-6-methyl-5- 

nitropyrimidine (9). AIL flask containing the nitropyrimidine 8 prepared above (39.99 
g, 1 57.4 mmol, 1 .0 equiv.) was charged with 250 mL POCI3 under . The flask was 
equipped with a condenser and placed in a preheated 80 bath with stirring. The slurry 
slowly dissolved over a period of 50 min, and the yellow solution was then removed from 

25 the bath, and POClj was removed under reduced pressure in a rotary evaporator with a 
bath temperature of 60 The resulting yellow oil was purified via flash chromatography 
(SiOj , 1 0 to 50% EtOAc/Hexanes) to give 40.24 g of the product (147.9 mmol, 94%) as a 
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yellow oil. [<^* d = +144.6" (c = 1 .03, MeOH); 'H NMR (CDQ, , 400 MHz) 5 4.76 (m. 1 
H), 4.44 (m, 1 H), 3.99 (dd, J = 4.0, 11 .7 Hz, 1 H), 3.78 (d, J = 1 1 .7 Hz, 1 H), 3.65 (dd, J 
= 3.3, 1 1.7 Hz, 1 H), 3.51 (ddd, J = 2.9, 1 1.7, 12.4 Hz, 1 H), 3.32 (ddd, J = 4.0, 12.4, 13.9 
Hz, 1 H), 2.45 (s, 3 H), 1.34 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 273.0 (100. M+H+). 



nitropyrimidine (1). The chloropyrimidine 9 prqjared above (40.04 g, 147.2 nunol, 1.0 
equiv.) was dissolved in 300 mL anhydrous EtOH followed by the addition of 30.07 g 

10 imidazole (441.6 mmol, 3.0 equiv.) undeiN,. The flask was equipped with a condenser 
and placed in a preheated 80 "C bath with magnetic stirring. After stirring for 75 min the 
solution was cooled to rt and concentrated under reduced pressure. Purification via flash 
chromatography (Si02 , 2-4% MeOH/CH2Cl2) gave (he product as a yellow oil. Upon 
standing the oil crystallized to give a yellow solid which was triturated with hexanes, 

15 filtered, and waslied (3 x hexanes) to give 40.53 g (133.3 mmol, 91%) of the product as 
yeUow aystals: mp = 74-75 "C; [«4*'d= +152.6° (c = 1.03, MeOH); IR (KBr) 31 16, 
2972, 2855, 1586, 1482, 1443, 1329, 1315, 1239, 1205, 1129, 1074, 1007, 897, 844, 773, 
739, 650 cm-1; 'H NMR (CDC!„ 400 MHz) 8 8.10 (s, 1 H), 7.21 (m, 1 H), 7.17 (m, 1 H), 
4.80 (m, 1 H), 4.48 (m, 1 H), 4.02 (dd. J = 3.7, 1 1.7 Hz, 1 H), 3.80 (d, J = 11.7 Hz. 1 H), 

20 3.68 (dd, J = 3.3, 11.7 Hz, 1 H), 3.52 (ddd, J = 2.9, 1 1.7, 12.1 Hz, 1 H), 3.36 (ddd, J = 3.7, 
12.9, 13.5 Hz, 1 H). 2.53 (s, 3 H), 1.38 (d, J = 7.0 Hz, 3 H); ESI-MS m/z 305.1 (100, 
M+H+). Anal. Found for C„H,4NA: C, 51.31; H, 5.30; N, 27.62. Found: C, 51.47; H, 
5.30; N, 27.79. 



5 




9 



1 



26.8 



2-(3 S-3-methylmorph olino)-4-(imidazol-l -yl)-6-methyl-S- 
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H3C 




An 

. NO2 W 



N 



H3C 




N "CH3 •phSOgH 



1 



26.9 



Compoand l^PbSO, salt, (2-(3S-3-niethyImorpholino)-4- 



(imidazol-l-yI)-6-nietbyI-5-DitropyriinidiDe benzenesulfonate). A 2S0 mL flask was 
S charged with 1 (39.88 131.1 mmol, I.O equiv.) and 100 inL EtOH under Nj. The 

suspension was heated to 50 X until everything dissolved. Benzenesulfonic acid hydrate 
(20.81 g, 131.1 mmol, 1 .0 equiv.) was added via spatula, and additional EtOH was used 
to wash the all of the solids into the flask (5 mL). Hexane (20 mL) was added to the 
solution, which was then stirred rapidly for S min. Crystals began to form within the first 

10 5 min aAer stirring was stopped, and the flask was allowed to cool to it overnight The 
crystals which formed overnight were filtered and washed (5 x 50 mL EtOH) to give the 
product besylate salt 51.988 g (112.4 mmoL, 86%): Yellow crystals rap 184.5 ^C; [a]^j^ 
= +115.6^ (c= 1.00, MeOH); lR(KBr) 3442, 3129, 2985, 2862, 1597, 1546, 1529, 1490, 
1443, 1317, 1231, 1 182, 1 123, 1072, 1014, 892, 846, 786, 727, 612,564 cm-1; *HNMR 

15 (400 MHz, CD3OD) 5 9.52 (s, 1 H), 7.93 (s, 1 H), 7.81 (m, 2 H), 7.42 (s, 1 H), 7.44-7.37 
(m, 3 H), 4.94 (m, 0.5 H), 4.74 (m, 0.5 H), 4.62 (m, 0.5 H), 4.62 (m, 0.5 H), 4.01 (m, 1 
H), 3.79 (m, 1 H), 3.67 (dd, J = 3.3, 1 1 .8 Hz, 1 H), 3.53 (ddd, J = 2.8, 1 1 .3, 12.3 Hz, 1 H), 
3.42 (ddd, J = 3.6, 12.8, 13.2 Hz, 1 H), 2.68 (s, 3 H), 1.36 (d, J = 6.9 Hz, 3 H). Anal. 
CalcdforCjjHjeN.Oj-QHeOjS: C, 49,34; H, 4.79; N, 18.17; S, 6.92. Found: G, 49.30; 

20 H,4.75;N, 18.22; S, 6.97. 
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26.10 Compound l«p-MePhS03 salt, (2-(3S*3-inethylmorpholmo)-4- 
(iinidazol-l-yI)-6-metbyl-5-iiitropyriinidine p-toluenesulfonate). A 25 mL flask was 
charged with 822 mg 1 (2.70 iranol, 1.0 equiv.) and 3 mL CHaQi* followed by the 
addition of 514 mg (2.70 nrniol, 1.0 equiv.) p-toluenesulfonic acid mono hydrate. 1.5 mL 
S hexanes was added and the clear solution was allowed to sit overnight The solution was 
then concentrated under reduced pressure and taken up in 3 mL EtOAc \siiereupon a 
yellow solid precipitated out The yeUow solid was filtered, and washed (3x1:1 
hexanes:EtOAc) to give 1 .202 g. The yellow solid was recrystallized fi^om 5:1 
CHCl3:hexanes to give 1.078 g of product (2.26 mmol, 84%) salt after filtration and 

10 washing (2x1:1 CHCl3:hexanes): mp 168-169 °C; [c]\ = +104.9** (c = 1.05, MeOH); IR 
(KBr) 3128, 2981. 2858, 1595, 1544, 1526, 1442, 1317, 1227, 1184. 1123, 1030, 1007, 
683, 562 cm-1; 'H NMR (400 MHz, CD,OD) 6 9.53 (s, 1 H). 7.94 (m, 1 H), 7.74 (m, 1 
H), 7.69 (d, J = 8.4 Hz, 2 H), 7.21 (d, J = 8.4 Hz, 2 H), 4.94 (m, 0.5 H), 4.75 (m, 0.5 H), 
4.62 (m, 0.5 H), 4.41 (m, 0.5 H), 3.99 (m, 1 H), 3.80 (m, 1 H), 3.67 (dd, J = 2.9, 1 1.7 Hz, 

15 1 H),3.53 (ddd. J = 2.6, 11.7, 12.1 Hz, 1 H),3.41 (ddd, J = 3.7, 12.5, 13.6Hz, 1 H), 2.68 
(s, 3 H), 2.36 (s, 3 H), 1.37 (d, J = 7.0 Hz, 1 H). Anal. Calcd for C,3H,^,05* C7H.O3S: C, 
50.41; H, 5.08; N, 17.64; S. 6.73. Found: C, 49.88; H, 4.75; N, 1 8.23; S, 6.91 . 

All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent apph'cation were 

20 specifically and mdividually indicated to be incorporated by reference. Although the 

foregoing invention has been described in some detail by way of illustration and example 
for purposes of clarity of understanding, it will be readily apparent to those of ordinary 
skill in the art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without departing fi-om the spirit or scope of the 

25 appended claims. 
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WHAT IS CLAIMED IS! 

1 . A method of treating or prevmting a disease associated with CNfV 
infection, comprising 

administering to a subject in need thereof a tboapeutically effective amount 
of a compound of formula (I): 



wherein 

X is a member selected from the group consisting of -NR^^ -OR', -SR', aiyl, 
aOcyl and arylalkyl; 

Y is a member selected from fhe group consisting of a covalent bond, -N(R% 
-0-, -S-, -C(=0)- and alkylene; 

R' and R' are members independently selected from the group consisting of 
hydrogen, alkyl, -0-alkyl, -S-alkjd, aiyl, arylalkyl, -0-aryl, -S-aiyl, -NOi, -NR'R', - 
C(0)R», -CO^", -C(0)NR'R* -N(R')C(0)R», .N(R')COjR", -N(R»)C(0)NR'R*, 
-S(p)jm'R\ -S(0)JEI», -CN, halogen, and -N(R')S(0)JR"; 

R' and K* are members independently selected from the group consisting of 
hydrogen, alkyl, aryl and arylalkyl, or combined to form a 5-, 6- or 7-membered ring 
containing from one to three heteroatoms in the ring; 

R' is a member selected from the group consisting alkyl, aryl, arylalkyl and 
bicyclic fused aryl-cycloalkyl; 

R* is a member selected from the group consisting of hydrogen, alkyl, aryl 
and arylalkyl; or is combined with R* and the nitrogen atom to which R' and R* are 
attached to form a 5-, 6-, 7- or 8-membered ring; 

R' and R' are members independently selected from die group consisting of 
hydrogen, alkyl, aryl and arylalkyl, or, combined to form a 4-, 5-, 6-, 7- or 8-membered 
ring containing from one to three heteroatoms in die ring; 
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27 and R'^ are members mdq)endently selected from the group consisting of ' 

28 hydrogen, alkyl, aiyl and aiylalkyl; 

29 R" is a member selected from the group consisting of aOcyl, aiyl and 

30 arylalkyl; 

31 m is an integer of from 1 to 2; 

32 n is an integ^ of from 1 to 3; and 

33 optionally, a 5-, 6-, 7- or 8-member ring is formed by joining R' to R^ R' to 

34 K\ R^ to N^ R' to N^ R^ to N*, or R' to N*; 

35 with the proviso that when Y is a bond, flien R^ is other than an imidazole 

36 ring. 

1 2. The method of Claim 1 , wherein R^ is selected from the groiq) 

2 consisting of -NOj, •S(0)„,NR'R*, -S(0)„R', -CN, fluoroalkyl, -C(0)R^ -CO^R*" and 

3 -C(0)NR^R* and R^ is selected from the group consisting of hydrogen, alkyl, -O-alkyl, 

4 -S-alkyl, aiyl, arylalkyl, -0-aiyl and -S-aryl . 

1 3. The method of Claim 1, wherein X is -NR'R*, Y is selected from the 

2 group consistmg of -N(R*)-, -0- and -S-, R' is selected from the group consisting of 

3 -C(0)R', -C(0)NRV, -S{0)X -S(0)J^'R*. -CO^R", -CN, fluoroalkyl and -NOj, and 

4 R^ is a member selected from the groxip consisting of hydrog^ alkyl, -O-aDcyl and 

5 halogoi. 



1 4, The method of Claim 1, wherein R' is selected from the group 

2 consisting of -CFj, -S(0) JIR^', -COjR'^ -CN and -NOj, and R' is selected from the 

3 group consistmg of hydrogen, (lower)aIkyl, -O^0ower)alkyl and -S-(lower)alkyL 

1 5. The method of Claim 1, wherem Y is -N(R*)- or -0-. R' is -NO2, and R^ 

2 is hydrogen or (Ci-CJalkyl. 

1 6. The method of Claim 1 , wherein R' is joined to R^ to form a S- 

2 membered ring, together with the nitrogen to which both radicals are attached; 

1 7. The method of Claim 6, wherein said S-membered ring contains two 

2 nitrogen atoms. 
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1 8. The method of Claim 7, wherein said S-membered ring is an imidazole 

2 ring. 

1 9. The method of Claim 1 , wherem Y is -N(R*)-, in which R* is hydrogen 

2 or lower alkyl, and is a member selected firom the group consisting of alkyl, aryl, 

3 arylalkyl and bicyclic fiised aryl-cycloalkyl. 

1 1 0. The method of Claim 1 » wherem R' is selected firom the group 

2 consisting of cycloalkyl, heterocycloalkyl, aiyl, arylalkyl and bicyclic fused aryl- 

3 cycloalkyl, R* is selected fi-om the group .consisting of hydrogen, methyl, ethyl and 

4 propyl, and -NR^R^ is selected fi^om the group consisting of imidazol-l-yl, 2- 

5 raethylimidazol-lyl, 2-ethyliinida2ol-l-yl, 2-(l-propyl)imida2oH-yl and 

6 2-(2-propyl)iniidazol- 1 -yl. 

1 11. The method of Claim 1 , wh^ein R^ is selected torn the group 

2 consisting of hydrogen, methyl and ethyl, -NR^R^ is selected fi-om the group consisting of 

3 iniidazol-l-yl, 2-methylimida2oHji, 2,4-dimethylimida2oH-yl and 2-ethylmiidazol-l- 

4 yl, and R^ is an optionally substituted radical selected fi-om the group consisting of 
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6 12. The method of Claim 1, wherein is a member selected from the 

7 group consistmg of: 
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1 3. The method of Claim 1 , said compound having the fomiula: 



2 

3 wherein 
4 

S ethyl; and 
6 





H 



R" is a member selected firom the group consisting of hydrogen, methyl and 
is a memb^ selected from the group consisting of: 
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14. The method of Qaim 13, wherein R'^ is methyl. 




1 IS. The method of Claim 1 , said compound having the fonnula: wherein 

2 R" is selected from the group consisting of hydrogen, methyl and ethyl; and 

3 R^ and R^ are combined with the nitrogen atom to which R^ and R^ are 

4 attached to form a heterocycloalkyl ring. 

1 16. The method of Claim 1 5, said compound having the formula: 



3 wherein 



4 R" is selected from the group consisting of hydrogen, methyl and ethyl; and 

5 R^ and R* are combined with the nitrogen atom to which R* and R^ are 

6 attached to form a heterocycloalkyl ring. 

1 17. The method of Claim 16, wherein said heterocycloalkyl ring is selected 

2 from the group consisting of substituted or unsubstituted l*piperidinyl, substituted or 

3 unsubstituted 4-morpholinyl and substituted or unsubstituted 1 -pyirolidinyl. 

1 18. The method of Claim 16 wherein R" is hydrogen and R^ and R* are 

2 combmed with the nitrogen atom to which R^ and R*^ are attached to form a substituted or 

3 unsubstituted 4-moipholinyL 

1 1 9. The method of Claim 1 8, wherein R* and R* are combined with the 

2 nitrogen atom to which R^ and R^ are attached to fonn a monosubstituted 4-morpholinyl, 

3 said substituent being selected from the group consisting of (CrC^alkyL 
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1 20. The method of Claim 1 9, wherein said compound is selected firom the 

2 group consisting of 

M e O ^^.^-J 

3 M e 0 "^"^"'-''^^'^ 

1 21 . The method of Claim 1, wherein said disease associated with CMV 

2 infection is cardiovascular disease. 

1 22. The method of Gaim 21 wherein said cardiovascular disease is selected 

2 from the group consisting of atherosclerosis and restenosis. 

1 23. The method of Qaim 21, wherein said compound is administered in 

2 combination with a therapeutically effective amount of an agent selected from the group 

3 consisting of an antiviral agent, an agent used to treat atherosclerosis and an agent used to 

4 treat restenosis. 

1 24. The method of Claim 23, wherein said antiviral agent is selected from 

2 the group consisting of ganciclovir, valganciclovir, acyclovir, foscamet, cidofovir and 

3 fomivirseiL 

1 25. The method of Qaun 1, wherem said disease associated with CMV 

2 infection is organ transplant rejection or a pathology associated with organ 

3 transplantation. 

1 26. The method of Claim 25 , wherein said organ transplant rej ection is 

2 selected from the group consisting of allograft rejection and xenograft rejection. 

1 27. The method of Claim 25, wherein said compound is administered in 

2 combination with an immunosuppressant agent. 

1 28. The method of Claim 1, wherein said administering is oral. 
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1 29. The method of Claim 1, wherein said administering is topical. 

1 30. The method of Claim 1, who^ said administering is parenteral. 

1 3 1 . A method of treating a disease selected from the group consisting of 

2 cardiovascular disease, organ transplant rejection, organ transplant-associated 

3 atherosclerosis and a pathology associated with organ transplantation, comprising 

4 administering to a subject in need th^eof a therapeutically effective amoimt 

5 of a compoimd of formula (I): 

X 



6 




7 I 

8 wherein 

9 X is a membCT selected from the group consisting of -NR^^ -0R\ -SR^, aiyl, 

10 alkyl and aiylalkyl; 

11 Y is a member selected from the group consisting of a covalent bond, -N(R*)-, 

12 -0-, -S-, -C(=0)- and alkylene; 

13 R* and R^ are members independently selected from the groiq) consisting of 

14 hydrogen, alkyl, -O-alkyl, -S-alkyl, aryl, arylalkyl, -0-aiyl, -S-aryl, -NOj, -NR'R', - 

15 C(0)R*, 'COX\ .C(0)NR'R« -N(R')C(0)R^ -NCR^COjR", .N(R')C(0)NR'R", 

16 -S(0)JQR'R*, -S(0)^^ -CN, halogen, and .N(R^S(0)Jl"; 

17 R^ and R^ are members independently selected from the group consisting of 

18 hydrogen, alkyl, aryl and arylalkyl, or combined to form a 5-, 6- or 7-membered ring 

19 containing from one to three heteroatoms in the ring; 

20 R^ is a member selected from the group consisting alkyl, aiyl, arylalkyl and 

21 bicyclic fused aryl-cycloalkyl; 

22 R^ is a member selected from the group consisting of hydrogen, alkyl, aryl 

23 and arylalkyl; or is combined with R^ and the nitrogen atom to which R* and R* are 

24 attached to form a 5-, 6-, 7- or 8-membered ring; 
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25 and R' are members independently selected from the group consisting of 

26 hydrogen, alkyl, aryl and arylalkyl, or, combined to form a 4-, S-, 6-, 7- or 8-membered 

27 ling containing fiom one to three heteroatoms in the ring; 

28 R' and R'° are members indq)endently selected from the group consisting of 

29 hydrogen, alkyl, aiyl and aiylaDcyl; 

30 R" is a member selected from the group consisting of alkyl, aryl and 

31 arylalkyl; 

32 m is an integer of from 1 to 2; 

33 n is an integer of from 1 to 3; and 

34 optionally, a 5-, 6-, 7- or 8-member ring is formed by joining R* to R', R' to 

35 R^ R' to N^ to N^ to N*, or R' to N*; 

36 with the proviso that when Y is a bond, then R* is otho* than an imidazole 

37 ring. 

1 32, The method of Claim 3 1 , wherein R' is selected from the group 

2 consisting of -NO,, -S(0) J^R^*, -S(0)Jl', -CN, fluoroalkyl, -C(0)R', -CO^R" and 

3 -C(0)NR'R* and R* is selected fiom the group consisting of hydrogen, alkyl, -0-aIkyl, 

4 -S-alkyl, aiyl, arylalkyl^ -0-aiyl and -S-aryl . 

1 33 . The method of Claim 3 1 , wherein X is -NR^R^, Y is selected from the 

2 group consisting of -N(R^)-, -O- and -S-, R* is selected from the group consisting of 

3 -C(0)R', .C(0)NR'R», -S(0)X -S(0) J^'R', -CO^R'^ -CN, fluoroalkyl and -NO^, and 

4 is a member selected from the group consisting of hydrogen, alkyl, -0-alkyl and 

5 halogen. 

1 34. The method of Claim 31, wherein R' is selected from the group 

2 consisting of -CF3, -S(0)J^'R', -CO3R'**, -CN and -NO^, and R' is selected from the 

3 group consisting of hydrogen, (lower)alkyl, -0-(lower)alkyl and -S-(lower)alkyL 

1 35, The method of Claim 31, wherein Y is -N(R*)- or -0-, R' is -NOj, and 

2 R^ is hydrogen or (Cj-C^alkyl. 

1 36. The method of Claim 3 1 , wherein R^ is joined to R** to form a 5- 

2 membered ring, together with the nitrogen to which both radicals are attached. 
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1 37. The method of Claim 36, wherein said S*roembered ring contains two 

2 nitrogen atoms. 

1 38. The method of Claim 37, wherein said 5-membered ring is an imidazole 

2 ring. 

1 39. The method of Claim 3 1 , wherein Y is -N(R*)-, in which is hydrogen 

2 or low^ alkyU and is a member selected from the gmxp consisting of alkyl, aryl, 

3 arylaUcyl and bicyclic fused aryl-cycloalkyL 

1 40. The method of Claim 3 1 , wherein R* is selected from the group 



2 consisting of cycloallcyl, heterocycloalkyl, aryl, arylalkyl and bicyclic fiised aiyl- 

3 cycloalkyl, R* is selected from the group consisting of hydrogen, methyl, ethyl and 

4 propyl, and -NR^R^ is selected from the group consisting of imidazol-l-yl, 2- 

5 methylimidazol-lyl, 2-efhylimidazol-l-yl, 2-(l-propyl)imidazol-l-yl and 

6 2-(2-propyl)nnidazol-l-yl. 

1 41. The method of Claim 3 1 , wherein R* is selected from flie group 

2 consisting of hydrogen, methyl and ethyl, -NR^R^ is selected from the group consisting of 

3 imidazoM -yl, 2-methylimida2ol-lyl, 2,4-dimethyliraidazol-l-yl and 2-etbylimidazoH- 

4 yl, and R^ is an optionally substituted radical selected from the group consisting of 
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42. The method of Claim 3 1 , wherein is a member selected from the 
group consisting of: 
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CHjCH, 

3 ^ ' CH, 

1 43. The method of Claim 31, said compound having the fonnula: 

2 ^ 

3 wherein 

4 R'^ is a member selected from the group consisting of hydrogen, methyl and 

5 ethyl; and 

6 is a member selected from the groiip consisting o£ 
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1 44. The method ofClaim 43, wherein R" is methyl 

1 45, The method of Claim 1 , said compound having the formula: 



2 




3 wherein 

4 R" is selected from the group consisting of hydrogen, methyl and ethyl; and 

5 R* and R* are combmed wifli the nitrogen atom to which R* and R* are 

6 attached to form a heterocycloalkyl ring. 

1 46. The method of Claim 45, said con:q)ound having the fonnula: 



2 




3 wherein 

4 R" is selected from the group consisting of hydrogen, methyl and ethyl; and 

5 R* and R* arc combmed with the nitrogen atom to which R* and R* are 

6 attached to form a heterocycloalkyl ring. 
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1 47. The method of Claim 46, wherein said heterocycloalkyl ring is selected 

2 from die group consisting of substituted or unsubstituted 1 -piperidinyl, substituted or 

3 unsubstituted 4-morpholinyl and substituted or unsubstituted l-pyrrolidinyl. 

1 48. The method of Claim 46 wherein is hydrogen and and R* are 

2 combined with the nitrogen atom to which R^ and R* are attached to form a substituted or 

3 unsubstituted 4'morpholinyl. 

1 49. The method of Claim 48, wh^ein R*^ is hydrogen, R* and R* are 

2 combined with the nitrogen atom to which R^ and R^ are attached to form a 

3 monosubstituted 4-moq)boIinyl, said substituent being selected from the group consisting 

4 ofCCrCJalkyl 

1 50. The method of Claim 49, wherein said compound is selected from the 

2 group consisting of 



3 




• p-MePhSOgH 



1 51- The method of Claim 3 1 , wherein said compound is administered in 

2 combination with a therapeutically effective amount of an agent selected from the group 

3 consisting of an antiviral agent, an agent used to treat atherosclerosis and an agent used to 

4 treat restenosis. 



1 52. The method of Claim 51, wherein said antiviral agent is selected from 

2 the group consisting of ganciclovir, valganciclovir, acyclovir, foscamet, cidofovir and 

3 fomivirsen. 

1 53, The method of Claim 31, wherein said compound is administered in 

2 combination with an immunosuppressant agent 
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1 54. The method of Claim 3 1 , wh^etn said disease is organ transplant 

2 rejection is selected from the group consisting of allograft rejection and xenograft 

3 rejection. 

1 SS. The method of Claim 3 1 , wherein said administering is oral. 

1 56, The method of Claim 3 1 , wherein said administering is topical. 

1 57. The method of Claim 3 1 , wherein said administering is parenteral. 

1 58. The method of Claim 31 » wherein said disease is a cardiovascular 

2 disease selected from the group consisting of athersclerosis or restenosis. 

1 59. The method of Claim 3 1 , wherein said disease is organ transplant- 

2 associated atherosclerosis. 
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N'VN03 N'VCF3 N^CN 0 N-V^^^^S 

"SC-N'^N'^CHS HjC^Ajj^cH^ H3C'^N-^N^CH3 h3C'^N'^N^0CH3 



H3P: 
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